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Chairman,
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Dear Glenn

HISTORIC ENGINEERING PLAQUING NOMINATION
Rock Bolting Development Site- Lambie Gorge Cooma, NSW

The Monaro Group of Engineers Australia is submitting the attached application for
consideration under the Australian Historic Engineering Plaquing Program.

In our opinion the site is worthy of national recognition. The site represents a window into our
pioneering engineering practices, and the theory, of rock bolting in hard rock for the permanent
reinforcement of underground tunnels and caverns. In the process of developing the rock
bolting knowledge the engineering discipline of rock mechanics became a specialist practice.
Both the rock bolting practice and the study of rock mechanics was taken up internationally by
being shared through universities, learned societies and via the tunnelling achievements of the
major international construction contractors engaged in the Snowy Mountains Scheme.

Many personnel, as employees of the Snowy Mountains Hydro-Electric Authority in both
engineering and scientific fields of expertise, contributed successfully to the full development of
the engineering pursuit of rock bolting. This work took place in the late 1950’s and early 1960’s
and it was a first for Australia and the world.

The attached information, demonstrates that the Rock Bolting Development Site — Lambie
Gorge, Cooma - is unique and of great importance in the history of engineering.

If you require more information relating to the application please do not hesitate to contact the
Group's Sub-Committee Chair Mr Walter Mills on 02 6452 7321(h) or the Group's Chair Mr
David Byrne on 02 6450 1750(w).

Yours faithfully

AalinB.Alls ), AN S

Walter B Mills, BE(Elec) Alan Hall, BE{(Hons), MEngSc David Byrne, BE(Civil)
MIEAust CPEng NPER MIEAust CPEng MIEAust CPEng NPER

Rock Bolting Heritage Sub-Committee, Monaro Group, Sydney Division, Engineers Australia.
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INTRODUCTION

At the Lambie Gorge experimental site in Cooma NSW we have the opportunity to
draw public attention to the significant contribution that has been made from the
development of rock bolting engineering to society in Australia and internationally. It
achieved greatly improved safety for the miners in such tunnels, gave significantly
higher tunnelling speeds, and greatly reduced the overall cost of tunnelling in hard-

rock.

Engineers, scientists, technicians and managers, working for the Snowy Mountains
Hydro-Electric Authority (SMHEA) in NSW Australia, established a new engineering
achievement of hard-rock tunnelling for the world.

This was done in the period 1956 to 1962. A select number of their employees,
identified in this Nomination, gave leadership, analysed the criteria, and developed
the engineering theory for rock mechanics in order to transform the existing rock bolt
usage from a suspension of tunnel ceilings into a fully integrated engineering design
with the exposed rock of the tunnel excavation. Its final stage was to move from just
a temporary system to achieve a permanent tunnel support system, even in water-

filled, rock-exposed tunnels.

This new rock bolting theory and practice was immediately taken up world-wide and
it has been noted to be in continuing practice today with only minor extra
refinements.

The resulting pride of others engaged on the landmark hydro-electric project at the
time as a direct consequence of the renewed interest in the rock bolting development
can today be shared and conveyed to the general community at this Lambie Gorge
site, otherwise the new rock bolting achievement is all out of sight and out of mind.

The engineering profession may also thereby, register this significant engineering
development heritage in the practice of engineering for hard-rock tunnelling.

Walter B Mills, BE(Elec) MIEAust CPEng NPER.
Alan Hall, BE(Hons) MEngSc MIEAust CPEng.
David Byrne, BE(Civil) MIEAust CPEng NPER.

Rock Bolting Heritage Sub-Committee of Monaro Country Group, Engineers
Australia.
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PLAQUE NOMINATION FORM

The Administrator,
Engineering Heritage Australia,
Engineers Australia.
Engineering House

11 National Circuit

BARTON ACT 2600

Name of work: ROCK BOLTING DEVELOPMENT SITE, LAMBIE GORGE,
COOMA

The above-mentioned work is nominated to be awarded a National Engineering
Landmark (if deemed appropriate).

Location of the Rock Bolting Development Site:

Latitude 36 14; Longitude 140 07; Easting 690 000 to 690 175; Northing 5986 750 to
5987 050; Lot 3 of D.P. 704165 Sheet 1 Registered 30 October 1984 as attached in
Appendix A. The Lot 3 has an area of 1.042ha. An aerial map copy (colour) of the
curtilage area of the site overlaid with individual property boundaries is attached in

Appendix A.
Owner of the Rock Bolting Development Site:

State Government as Crown Land dedicated for Environmental Protection by NSW
Government Gazette No 145 dated 25 October 1985 (extract copy attached in

Appendix B).
The Department of Lands Goulburn Office has been advised of the nomination of the
site as of being highly significant national engineering heritage value.

Whilst no formal Ngarigo Aboriginal Nation Land Council exists, there are a number
of matriarchal Elders who are the traditional custodians of the whole of the Monaro
tablelands. The Cooma Aboriginal Reconciliation Committee (voluntary, and
informal), 1997-2005, facilitated the recent public interest in the Lambie Gorge
Crown Land. It was an opportunistic interest to give exposure of their culture through
construction of a walking path to a lookout within the Reserve, passing the Rock
Bolting Development Site at its downstream entrance end.

The Elders have recognised this engineering heritage site within their ancient family
camping area (of pre-European occupation time), but it can be noted that it is not a
sacred site — there are no markings, no songs and no art works that have
established a particular identity and continuity with the Reserve.

There is no conflict of interest with the Ngarigo descendants today, but there is
mutual respectful support. This is demonstrated in the Brochure “Lambie Gorge
Walking Track” issued at its official opening in 2006 — that includes a description and
map of the Rock Bolting Development Site — see Appendix B.

Access to the Rock Bolting Development Site:

The public walking access to the Site is from the Snowy Mountains Highway on the
right bank of Cooma Back Creek, walking upstream through a succession of
Reserves held by Cooma-Monaro Shire Council. These Reserves are via the
Southern Cloud Memorial Park, the grounds of Cooma Showgrounds, (Reserve
R530003), the Cooma Bowling Club (Reserve R85193) and two dedicated right-of-
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carriageways along the high bank of the Creek (Reserve R97968). These right-of-
carriageway lands may be identified on D.P. 704165 Sh 1.

Alternative access to the Site is via the dedicated land for the aged care facility,
known as the Sir William Hudson Memorial Centre. This access is via the top of the
Gorge down an Aboriginal heritage track and stone staircase with handrail that were
established in 2006 - refer D.P. 788869.

Vehicular access is only possible via private land, at present only partly built on and
unfenced, on which Cooma Bowling Clubhouse is built and operates. This land may
be identified on D.P. 704165 Sh 1, as Lot 2.

Future Care of the Rock Bolting Development Site:

In order that the present effort of the Rock Bolting Heritage Sub-Committee was not
wasted and features of the site were not degraded through neglect in future years,
an Overall Management Plan was prepared in 2006 before any effort was expended
in preparing the Nomination for State Heritage recognition the following year.

The Overall Management Plan has five principle parts: Management Plan,
Conservation Plan, Business Plan, Plaguing and Tourism Plan, and Update Plan for
this Management Plan. Refer to Appendix C for a copy of the Overall Management
Plan.

Documentation of Claim to Uniqueness of the Rock Boiting Development:
The following documents are provided with this Nomination for reference purposes:-

e American Society of Civil Engineers, Power Division Symposium on underground
power stations, October 1957, New York, USA "Snowy Mountains Scheme T1 PS
Rock Behaviour and rock bolt support in large excavations” by T. A. Lang, Associate
Commissioner Snowy Mountains Hydro-Electric Authority, Cooma — see Appendix D.

¢ Application for listing on NSW State Heritage Register complete with attachments
and photographs— see Appendix E.

e Text and handout copy of slides of Public Lecture “Engineering History in Cooma
Rock”, researched, prepared and presented by Walter B Mills to Engineers
Australia’s advertised meetings in Sydney, Cooma, Canberra, Hobart and Townsville
(in period 2007-8), complete with Reference List of sources. It is in the lecture that
particular reference is made to the individual personnel closely associated with the
rock bolting development and rock mechanics as an engineering discipline in its own

right— see Appendix F.

e Personal correspondence and photographs from Mr Berle Blehm, USA, (2008)
who was responsible for the Contract supervision of installation for the final form of
the SMA rock bolting in the major tunnels and caverns of Tumut 2 underground
power station— see Appendix G.

Requirements for Signs and Plaques for the Rock Bolting Development Site:

The nature of the rock bolting development site makes it only suitable for interpretive
signs and plaques, thus any unanchored rock bolt component metallic parts or
documents need to be located in adjacent indoor museums or information/visitor
centres. These signs can be mounted on the natural fiat rock faces that are at the
principal rock bolting experimental site for pull-out tests.

Rock Bolting Historic Engineering Plaquing Nemination Page 2



Two signs are required to explain and give interpretation to the Site and its
significance; one of text and the other of a drawing of the final form of the SMHEA
rock bolt. Copies of these signs are given in Appendix H.

The proposed wording for the Plagque submitted in this Nomination for the
consideration of the Plaquing Sub-Committee is given in Appendix H.

Because the public access will come principally in one direction, it is proposed that
there be direction signs atong the route identifying the significant engineering
heritage site location. Such information already exists on published tourist maps
available at Information/Visitor Centres in the town.

Nominating Body: .
Rock Bolting Heritage Sub-Committee, Monaro Country Group, Engineers Australia

Chair of Division Engineering Heritage Group
Date: ..o
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LOCATION MAP
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PLAQUING NOMINATION ASSESSMENT FORM

1. BASIC DATA
Item Name: Rock Bolting Development Site.
Other Names: Lambie Gorge, Cooma, recreational reserve.,

Location: Latitude 36 14; Longitude 140 07; Easting 680 000 to 690 175; Northing
5986 750 to 5987 050; Lot 3 of D.P. 704165 Sheet 1 Registered 30 October 1984 as
attached in Appendix A. The Lot 3 has an area of 1.042ha. An aerial map copy
(colour) of the curtilage area of the site overlaid with individual property boundaries is

attached in Appendix A.
Town & State: Cooma, NSW, Postcode 2630.

Local Govt. Area: Cooma Monaro Shire.

Owner: State Government as Crown Land dedicated for Environmental Protection
by NSW Government Gazette No 145 dated 25 October 1985 (extract copy attached

in Appendix B).
Current Use: Recreational area, dedicated for environmental protection.

Former Use: Engineering and scientific research in connection with the construction
of the Snowy Mountains Scheme under the Snowy Mountains Hydro-Electric

Authority.

Designer/Builder of Development Site:  Snowy Mountains Hydro-Electric
Authority.

Year Started: 1956 Year Completed: 1962

Physical Description: (extract from page 2 of NSW Data)

Physical Condition: (extract from page 2 of NSW Data)

Modifications and Dates: (extract from page 2 of NSW Data)

Historical Notes: (extract from pages 3 to 6 of NSW Data)

Heritage Listings (information for all listings)

Name: State Heritage Register.
Title: Rock Bolting Development Site — Lambie Gorge Cooma.

Number: n/a
Date: submitted 30 October 2006.

Name: Cooma-Monaro Heritage List (LEP Plan).
Title: Rock Bolting Development Site — Lambie Gorge Cooma.

Number: n/a
Date: submitted 30 October 2006 LEP to be gazetted 2009.
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APPLICATION OF HERITAGE ASSESSMENT CRITERIA

APPLICATION OF CRITERIA

The work undertaken at this site is the genesis of the applied science of rock

Historical

significance mechanics and its further international development.

SHR criteria (a)

Historical The site has a special association with SMHEA and through its personnel by
association technical presentations and by the major tunnelling contractors to an international
significance engineering fraternity. It inspired the organisation to achieve excellence in the
SHR ciitenia (b} whole development of the Scheme.

Aesthetic A high degree of creative and lateral thinking by the personnel involved led to a
significance quantum leap in the development in the science, savings in the Scheme costs,
SHR crileria (c) improvement in safety and the speed of tunnelling.

Social significance
SHR criteria (d)

Rock bolting is regarded as the most significant engineering development made on
the Snowy Scheme. There were fewer tunnelling accidents from post excavation
rock falls, giving rise to close-knit team work by a shift crew working months on end
for approximately a two year span.

Technical/Research
significarice
SHR criteria (e)

The site gives a window to appreciate what is concealed of the successful
engineering of more than 100 km of tunnels and many huge underground caverns.
Ample inspiration is available to fully establish the precedence of the SMHEA work
and its impact in the engineering fraternity worldwide. The pre-SMHEA work on
roof anchors from which the rock bolting development came is documented, in part,
in the bibliography of Attachment 3. It is also available to a large extent in Box 30 of
D G Maoye's papers, ref Doc. 9.1

Rarity
SHR crileria {f)

This was the first pioneering site where such activity was undertaken and there is
no other similar site anywhere in the world.

Representativeness
SHR criteria (g)

The rock in Lambie Gorge is the closest representation of the rock types
encountered on the Scheme sites and is fortunately located adjacent the SMHEA
laboratory site. Rock bolts in service are not avaiiable to view by the general public,
but their story of Australian creativity needs to be told from this site.

Integrity

The site retains many of the bolts and drilled holes that were the original field tests.
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ROCK BOLTING DEVELOPMENT SITE PHOTOGRAPHS

Curtailage View of the Site — Lambie Gorge
(original laboratory building centre background)
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ROCK BOLTING DEVELOPMENT SITE PHOTOGRAPHS

Main roclf bolting experimental site — drill holes, rock bolt remnants and information
boards with viewing area in the foreground.
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APPENDIX A - LOCATION REFERENCES

1 Deposited Plan704165

2 Aerial Map of the curtilage area of the site overlaid with individual property
boundaries.
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APPENDIX A - LOCATION REFERENCES (1)
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APPENDIX B - OWNERSHIP REFERENCES

1 NSW Government Gazette no 145 dated 25 October 1985 (extract).

2 Department of Lands DP Identifier issued 12/03/2004.

3 “Lambie Gorge Walking Track”, Cooma Reconciliation Committee,
20086.
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APPENDIX B ~ OWNERSHIP REFERENCES (1)

/% /Z‘LS‘ 25th Ociaber, 1945

2 RESERVES FROM SALE

ce of the prowisions of section 28, Crown Lands
*P"'T’ﬁ,?on Act, 1913, [ declarc that the Crownlam_js desenbed
;)30""";‘:, shall be reserved from sake for the public purposes
P,nc‘d and such lands are reserved accordingly.

JANICE CROSIO, Muuster for Nutural Resources,

5

porion 402, end of road
51, 50 and 49, Trunk R
Road No. 54, proclaim
of Wattle Flat westerly and
of Wiagdan), by 1hat portion 127, road

392, again 534 und 499,
road west of portion |

by poruons 316, 405, 317

_—

»PoRion 171, end of road, portions 484,
oad No. 54, portion 311, again Trunk
boundary of suburpan lands of Village
southwesterly (o portion 227 (Pansh
: adjoining the generally
s poruons 320 (Pansh Wiagdon), 53,
public road adjoining portions 389 and 42,
56, roud north ang west of portion 496 to
ruon 153, area hounded
tof portions 162, 173, 88

[ .

outheasiern boundari

ment exclusive of po,
, Foad northwes

- and part 161, end of road adjoining southeasiern boundary of

FOR ACCESS portion 23§, portion 235 and Big Oaky Creek to point of
commencement, all in Parish of Sofala; ares bounded by portions

Land Duirci—Bathursi; Shire— Evans 83 and 82, Public Watering Place No., 323 Gazette 16th
December, 1598, end of road, portions 139 and 307, end of road,

No. 97959, Parish Rockley, County Georgiana, 1,143 hectares,
being lot 246 in D.P. 705343. OES3 H 618,

Land Dusirici— Condobolin; Shire—Lachian

No. 97962, Pansh Murga, County Cunningham, 85.4 hectares,
being lot 71 in D.P. 720556. OE84 H {86.

FOR PUBLIC RECREATION
Lond District— Barhurst; Shires— Evans and Ryistone

No. 97960, at Sofwa Punshes Sofala, Waterbeach snd
Cunningham, Counties Roxburgh and Wellington, sbout 875
hectares, being wrea bounded by iots 168 and 169, D.P. 257544,
Turon River, portion 70 and casterly protongation of northern
boundary of thal portion 1o Turon River, Hill End-Sofala road
(in Parish of Cunningham), portiens 5, 33 and 94 {allin Pansh of
Waterbesch), portions 293, 519, 520, 528 and 532, area bounded
by partuon 519, Pennyweight Flat Creek, poruon 258, again by
Pennyweight Flat Creek and Turon River, wrea bounded by
portiuny 366, 136, 9, 536, 11 aguin 536. by the southcasterly
prolongation of southwesicrn boundary of portion 536 Lo portion
538, by poruions 538, 293, 262, 528, 510,577 and 237, by northerly
projongalion of eustern boundary of portion 237 10 portion 28,
by portion 280 und then Turon River to point of commencemeny
exclusive of partions 13 10 20 inclusive, 22 10 26 inclusive, 28, 91,
175,216,234, 295, 310, 365, 379, 380, 450, 491, 493, 494, 501, 550
16 556 inclusive, 560, 567 Lo 576 inclusive, 575, Reserve 87134 for
Resting Place notified 111h April, 1969 and public road, urea
bounded by ponicns 10 {Parish of Waterbeach), 544, 513, 5185,
529, 508, 537, end of road, portion 531, Trunk Road No. 54,
allotment 7 of General Cemelery, R. 16534 for Plantation notified
14ih January, 1893, noriherly prolongation of western boundary
of that Reserve No. 169 to section 8, seciion B, R. 54296 for
Rubbish Depot notified 151k July, 1963, section 13, Proclaimed
Town boundary of Sofala exiending westerly, northerly and
again westerly 10 Turon River, and by Turon River and Tanwarra
Creek tothe point of eommencement exclusive of portions 21, 102
o 104 inclusive, 127 and $45 and public road (all in Parish
Sofala). OE85 R 23,

NOTL: The following incloded reserves are nereby revoked:

0
l1)'1'unk Road No. 84, poriyon 24
and 273, end of r
proclaimed bound
easterly Lo poinl of commencerment exclustve of porions 198, 225
and 261 and read Parish of Wiagden. O !

metres, bein,
Braidwood, é

NoTe: R.89562 for Public Build
s revoked,

being portio

hectares, being ares bou
Road No. 234. QEB5 R 3

-

hectares, being loi 3 of D.P, 04165,

1, Trunk Road No. 54,
, portions 52, 53 and 54

, Trunk Road Na. 54, postions 272
oad, portions 274, 229 ang fzozr and by
Village of Wattie Flat

3

ary of suburban lands of

EBS R 24
the affecied part of R.8257%

NOTE: It is nol intended to revoke

for Wawer Supply notified 20th May, 1960,

FOR FUTURE PUBLIC REQUIREMENTS
Land Districi— Braidwood: Shire— Tallaganda

No, 97971, Parish Bruidwood, County 54 Vincent, | 770 square
Bﬁoﬁmﬁﬁs 26 and 27, section 15, Town of

ings notified 251k August, 1975

Land Districi—Lake Cargeliigu: Shire—-Lochign

No. 97969, Panish Whoyeo, County Dowling, 27.80 hectares,
ns 7] and 72. OEH#0 H 3081 and OE8) H 245,

FOR RESTING PLACE
Land Districi—Molong; Shire— Cabonne
No. 97972, Parish Warnberry, County Gorden, abaut 4,047
ndsud by portions 50, 33 and 67 and Mamn
——"FOR ENVIRONMENTAL PROTECTION
Land District— Cooma; ‘Shire— Cooma-Monaro
No. 57968, Parish Cooma, Counly Beresford, aboy 1042

FOR RE§T PARK AND PRESERVATION OF TREES
Land Distrier and Shire Inverel!

R.75884 for Public Recreation and Access notified Bth May, 1953 No. 97961, Parish and Vi]llgc Little Plain, County Murchison,
and I7th Seprember, 1976, R.90745 for Future PubLc  about 1,66 hectares being section 2 exclusive of alletment 1, but
Requirements notfied 7th April, 1977 (Parish of Waterbeach) K. inclusive of lane, AERS R 43,

67468 for Restng Plaze noufied Ist Apnl, 1938 (Parish of
Cunningham); R.7989% for Future Puble Requiremenis notified
[3th Sepiember, 1957, R 80032 for Future Public Requirements
noufied 27th Seplember, 1957, R.91984 for Future Public
Requirements novified 215t March, 1980 and R.94764 for FuLure
Public Requirements notified 15th May, 198) (all in Parish of

Solala).

It i« not niended 10 revoke the following included reserves:
R.65227 for Water Supply and Camping notified Ird May, 1935
(Parish of Waierbeach); K. {1619 for Water Suppty and Caniping
notified 7th June, 1890, R 45816 for Rifle Range notified 28tk
September, 1910, R 97843 for Future Public Requirements
nodied 19th July, 1985 {all 1 Parish of Sofaly),

Land Drsirict— Bathurst; Shire— Evans

No. 97961, at Wanle Fial. Parshes Sofals and Wisgdan,
County Roxburgh, sbout 305 hectares being portions 158, MT 2,
GL 172, GL 185. GL 196, GL 207, GL 215, G1. 216, GL 214, GIL.
219 and GL 233, area bounded by portions &5 and 219, Trunk
Road Na. 34, portions 305, 66, again 305, 63, 61, 62, road, purtion
485 and road 10 poimt of commencernent, area bounded by
partions 496 and 492, end of road, porion 503, end of road,

notified 201h Augusi, 1982, is hereby

meires, being lat | in D.P. 130300

meucs at Gilgandra, beip

NOTL The whole of the unnotified Reserve for Public Build ings

15 hereby revoked.

FOR PUBLIC RECREATION (SPEEDWAY)
Laned District and Shire—Inverell

No. 97964, Parish Inverell, County Gough, 12.94 hectares, at
wverell, being lot 616 in D.P. 41796, AFJ? R l6.

NOTE: The whole of R.96253 for Fulure Public Requirements,
revoked,

FOR BUSHFIRE BRIGADE PURPOSES
Land Dustrici— Dubbo; Shire— Narromine

No. 97963, Parish Gundeng, County Narrotune, 199 8 square
at Torungley, DB84 R 43,

FOR PUBLIC POUND
Land Districi—Coonambie; Shire—— Gilgandra
No. 97966, Parish Erin, .9 square

ganenn, County Gowen, 467
g portion 124. DBRO H (983
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APPENDIX B — OWNERSHIP REFERENCES (2)
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APPENDIX B — OWNERSHIP REFERENCES (3 - 10f2)
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Plaquing & Interpretation of Lambie Gorge
Rock Bolt Development Site

Cooma, NSW
Management Plan #1 — March 2006
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1 Aim and Mission

Establish recognition as a unique Australian heritage site for the engineering
development and mathematical basis of design for permanent hard-rock
excavation support using rock bolts in tunnelling work. At the same time, provide
a structure of management that facilitates and maintains the heritage site in

perpetuity.

Give opportunity for the transfer of the heritage recognition to the outdoor
travelling general public. The project strives to get a highly respectful
appreciation, in educational terms, of a small, thoroughly researched component
that revolutionised underground construction and safety. This appreciation is to
be within the natural environment of the site. At the same time, the linkage to the
Snowy Mountains Scheme’s outstanding achievement, and the adoption of rock
bolting in similar projects worldwide connects the unique site to indoor museums

allowing for more detailed displays.
2 Management Plan

Foremost in the structure of a management plan for the rock bolt heritage site is
to clearly define the separate responsibilities to be managed. It is vital that the
initial effort of recognition through the heritage plaquing process, and making the
site accessible to the public, does not later degenerate through the neglect of

ongoing trusteeship planning.

There are other interested parties when the site is given heritage recognition,
because these parties can have an ongoing benefit from it. So relationships will
need to be established and maintained with the managers of the rock bolt site.
Among the stakeholders there will be groups that may be regarded as having a
particular historical connection to the site.

The management plan lays down a mechanism to seek government, corporate
and private financing of the ongoing, but small, annual financial requirements.
The greatest burden for funds is to provide for the initial conservation, and
enhancement of the safety of the site. The costs of the ongoing maintenance
and provision for the volunteers who are needed to give the educational guided
tours to the public will need to be covered. The continuing availability of
volunteer guides will need to be planned taking account of the changing
demands from generation to generation. There is an obligation to inform and
attract the passing parade to honour the rich engineering heritage on display at

this site.
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3 Conservation Plan

Central to the presentation of the Rock Bolt Heritage Site is the vertically split
granite rock face in which about 50 bolt holes are drilled. Many of these holes
have the anchored remains of the rock bolts projecting from them. There are
several different types of bolts evident. Surrounding this focal point are the

following significant features:

(a) In front of this face lies the remains of blasted away rock in which
earlier anchoring experiments had been conducted.

(b) Vertical split holes some two metres behind the rock face in
readiness for the preparation of a clean testing face for more

anchor strength tests.

(c) Further 100m upstream on another natural rock face area fronting
the gorge, are the remains of about 100 very early style anchored

rock bolts projecting from their holes.

The climatic conditions that prevail in Cooma are at present unchanged from
the time of the rock bolt experiments. This means that there is insignificant
visible deterioration of the bolts themselves.

Whilst no damage would be expected normally, the element of wilful,
destructive vandalism has been evident in recent times (spray paint and
removal of descriptive signage). For this reason the conservation
management will require wise and innovative measures from time to time,

including barriers.

Weed control in the lush creek environment will be required to be applied
sensitively to retain the ecology of the stream. At the same time, the verdant
growth will require constant trimming in order to give confidence to visitors
against the threat of snakes finding concealment adjacent to the access

pathway.

The pathway and viewing area have only recently been prepared for safe walking
access . This has been undertaken by voluntary work through the graces of
Cooma Rotary and some engineering colleagues employed in Cooma who were
very ready to donate their time. Flagstone steps were laid as well as surfacing
the viewing area over a weed-mat underlay. This aspect of the Rock Bolt
Heritage Site will require regular but minimal maintenance.

A number of technical papers, Snowy Mountains Authority memorandums,
drawings, photographs and diagrams have already been assembled. In addition,
unique machine-shop made components used in early anchoring experiments
have been recovered from the original storage sheds. These sheds were
associated with the engineering laboratories of Engineering Materials and
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Engineering Geology of Scientific Services Division, Snowy Mountains Hydro-
Electric Authority. The sheds are now the property of Snowy Mountains
Engineering Corporation (SMEC) Australia. It behoves the project management
team to determine, from time to time, how these archival components can be
best used to enhance the limited amount that can be seen at the Rock Bolt
Heritage Site. Indoor display areas of new and or existing museums are the ideal
venues for such exhibitions. Thus the loose heritage items need to be curated
and managed in order to preserve their original value and not have them lost
from the collection.

4 Business Plan

In order to satisfy the requirements of the NSW Department of Lands, which is
responsible for the land on which the Rock Bolt Heritage Site is situated, a set of
local Trustees need to be appointed.

The lot of land in which the Rock Bolt Heritage Site falls, of approximately
1.042hectares, being Lot 3 of Deposited Plan 704165, was gazetted on 21
August 1984 by the NSW Parliament for environmental protection as a public
place. This means that that the Department of Lands would welcome local
trustees to act on their behalf in providing that environmental protection and
preservation of the land. Then these trustees would be given the right to manage
the space for the benefit of all the people.

The means to provide for the unique engineering heritage of the Rock Bolt
Heritage Site, forming only a small portion of the total area of the Lot covering the
right bank of Lambie Gorge proper, needs to be resolved by agreement with all
parties concerned.

Like the whole of the land of Australia, Lambie Gorge does have evidence of the
occupation by the Aboriginal People up until the time of European settlement in
the 1830s. Whilst some of the Aboriginal People's descendants today behave
with an extreme view of exclusive access over this Lot of land, the majority of
today's Ngarigo Nation descendants, and the majority of their Elders, want to be
able to take their share in their own heritage value of the place and share this
with the heritage of others not of their race. The management of the Rock Bolt
Heritage Site needs to be proactive in maintaining a social environment that
promotes a true partnership with the Ngarigo Nation people as an expression of
reconciliation.

Within the larger frame of trusteeship for the whole of the Lot of land, the
Trustees for the Rock Bolt Heritage Site will need to act like Board of Governors.
This means establishing governance policies for all aspects to allow public
scrutiny at any time. Decision making, managing donated funds, organising
volunteers, meeting all obligations, and providing open communications, are
essential aspects of faithful business management.
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5 Plaquing & Tourism Plan

The highest priority for the Overall Management Plan No 1 is to see the
successful application for plague nomination of the Rock Bolt Heritage Site as an
item worthy of due recognition.

This recognition needs to proceed on several fronts simultaneously. Of most
significance is the recognition by Engineers Australia through their Plaquing Sub-
committee, and through them to Engineering Heritage Australia. Engineers
Australia, established under Royal Charter in 1911, has the authority to
independently assess the nomination for either a Historic Engineering Marker or
a National Engineering Landmark.

The proposal to plaque has already been submitted by Mr W B Mills to the
Piaquing Sub-committee. He has received a favourable reply to this proposal,
with the encouragement to proceed to make the formal documented application.
All the indications and research made since that time are that the Rock Bolt
Heritage Site is of Australian national significance and to the engineering
fraternity of the world.

Ltocal Government and State Government heritage recognition will be guided
principally by the assessment made by Engineering Heritage Australia.
Nevertheless, the long duration of the process in each of these government
jurisdictions needs to be consistently managed until the recognition is complete.

Already there is some interest by educational institutions which have picked up
on the early publicity at the local level. A tourist brochure “Lambie Gorge Walking
Track” features a condensed version of the great significance of the Rock Bolt
Heritage Site. For the more technically minded, however, the Tourism Plan
needs to be responsive to the additional needs. Appropriate volunteers to escort
bus tour groups has the potential to raise revenue. Not only will the tour find the
Rock Bolt Heritage Site of great interest and engage the mind, but the scenic
beauty of the Lambie Gorge site will provide fresh-air relaxation from bussing
while stretching the legs.

In the anticipation that the Rock Bolt Heritage Site will find full recognition as
being of Australian national engineering significance, the management team will
need to prepare for a an appropriate civic ceremony to mark the presentation of
the heritage plaque. A lesser ceremony would be required should the less
prestigious award be made, but it would not lessen the effort required to and
carry through such a ceremony. What is being undertaken is to give due honour
to those who pioneered the rock bolt technology that continues in practice today.
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6 Update Plan For Overall Management Plan

The initial flush of enthusiasm to establish the Rock Bolt Heritage Site is needed
to overcome years of local familiarity by the older generation. To engage the next
generation to appreciate the significance of the first steps, once done, allows
them to keep the subject alive by its own intellectual engagement with history.

Those who are Trustees and on the Board established under the Management
Plan No 1 need to be at?le to pass their work into the hands of those willing to
succeed them. Thus it is essential to plan formal procedures to allow such

transitions.

The management plgn itself will be required to undergo changes as times and
demands on the heritage site change. Again, protocols need to be in place to
allow a fully accountable process of introducing revisions to the management

plan.

For those who have a vested interest in preserving the Rock Bolt Heritage Site
the Stakeholders, their invitation to participate in changes to be applied to thé
future management of the site needs to be underwritten. Only when there is a
documented, stable and accountable process that will be adhered to, will the
Stakeholders be prepared to make an ongoing commitment of support.
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APPENDIX D — CLAIM TO UNIQUENESS: PUBLICATIONS (EXTRACTS)

1 American Society of Civil Engineers, Power Division Symposium on
underground power stations, October 1957, New York, USA “Snowy
Mountains Scheme T1 Power Station Rock Behaviour and Rock Bolt
Support in Large Excavations" bt T.A. Lang, Associate commissioner
Snowy Mountains Hydro-Electric Authority, Cooma, extract pp 16, 17, 23-
35, 46, 47 & Refs.

2 Book “The Snowy Mountains Scheme" by Waiter Diesendorf, 1961
Horwitz, extract pp52-58.

3 Book “Voices From the Snowy” by Margaret Unger, 1989 NSWUPress,
extract pp 134-137 & refs.
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APPENDIX D - CLAIM TO UNIQUENESS: PUBLICATIONS(EXTRACTS) (1)

AMERICAN SOCIETY OF CIVIL ENGINEERS, ETC., CONFERENCES & PAPERS

American Society of Civil Engineers, Power Division Symposium on underground
power stations, October 1957, New York, USA “Snowy Mountains Scheme T1 Power
Station Rock Behaviour and Rock Bolt Support in Large Excavations” bt T.A. Lang,
Associate commissioner Snowy Mountains Hydro-Electric Authority, Cooma, extract
pp 16, 17, 23-35, 46, 47 & Refs.
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ROCK BEHAVIOUR AND ROCK BOLT SUPPORT
IN LARGE EXCAVATIONS

T1 POWER STATION, SNOWY MOUNTAINS SCHEME, ¢ riLy

AUSTRALIA

Thomas A, Lang,lA.M. ASCE

SYNOPS IS
The excavation in granitic t¥ype rock for the large T1 Power Station
was stabilised by using rock bolts.
The effects of jointing in the rock and excavation Sequence on stress
distribution around the Statién were studied with photo-elastic models.
The use of rock bolts to create a structural entity from jointed and

fractured rock was investigated with photo-elastic models and small and large

scale tests using uncoherent crushed rock material.,

Tests were made of the behaviour in hard rock of slot and wedge type
bolt anchorages to determine the relative dimensions of anchorage assembly
and drill hole, and the installation technique necessary for satisfactory
performance,

The excavation operations in the Power Station are described and

related to the movements and behaviour of the rock, roof ribs, and abutments,

This behaviour is consistent with the rock bolts creating a diaphragm around

the excavation which, in effect, is behaving as an integral elastic shell,

NOTATION
The letter symbols adopted for use in this paper are defined where

they first appear in the illustrations or text, and are listed in Appendix 1.

1, Assoclate Commissioner, Snowy Mountains Hydro-electric Authority, Cooma,
New South Wales, Australia.
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completely non-elastic and either exhibit all the properties of a plastic or
viscous materiél. The joint system may range from joints at wide intervals of
many feet to closely spaced joints of a few inches. Although diamond drilling
and exploratory tunnels give much valuable information the detailed condition
of the rock 1is not known until the excavation 1s made. The materials which
may be encountered can range from almost intact rock to a material that
resembles crushed rock aggregate, In the latter case although the size of the
fragments may be comparable to aggregate sizes, they never have the random
arrangement found in aggregate.

In the literature relating to underground excavations, and particu-
larly in regard to jointing and Jaint patterns, the term "arch action™ is
often used with an air of mystery that leads to confusion and even mis-
representation., An excavation or structure that has an "“arch shape'" i1s often
regarded as being inherently strong and economical because of "arch action".
Used in this way the term is, in many cases, only a cover up for lack of
knowledge regarding the conditions actually existing in the rock or structure,
An arch differs from a beam in that it has horizontal as well as vertical
forces acting on its ends. If the abutments yield so that the horizontal
forces are relieved the arch becomes a beam. If the term "arch" is used to
describe the geometrical or architectural form it is better to refrain from
talking of arch action,

Much has been written and could be written about jointing, its occur-
rence, pattern, and causes. However, the fact is that rock is Jjointed and
must be dealt with as such 1f a satisfactory structure is to be built,

Rock Bolts,

During the last decade, rock bolts have come more and more into
prominence as a means of supporting rock excavations, Prior to the World
War II they had been used only to a limited extent. The view that rock bolts
only "pin'" or "nall" blocks or slabs of rock which are loose to the sounder

rock behind them, 1s erroneous, Rock bplts are useful for this

16.



s
pui
‘%

i

WL

LR
S
PRI 2 bt

[

2

3

e

TS

purpose and have been so used for a long time but ad hoc use of rock bolts fop
this purpose wifhout understanding ecan be dangerous,

The term rock-bolting, as used here, means the designed use of rock
belts to develop jointed rock into a structural entity which can Competently
play its part in a structure such as a power station,

Another concept in regard to the behaviour of rock bolts, is that they
create a principal compressive stress normal to the free surface of an excava-—~
tion where, without them, there would be only one principal stregs parallel to
the surface. This is borne out by their very effective use to Stabilise
"'popping'" rock, This implies that, either at or immediately behing the free
surface, the bolts form a diaphragm of material Somewhat less in thickness
than the length of the rock bolt, which can be used as a structural member
whose properties can be ascertailned and whose behaviour can be assessed and
designed for. It is obvious that, if rock bolts are to be designed to carry
out the tasks enunciated above, then it is necessary to know their behavicur
in relation to both intact and jointed rock, This requires not only knowledge
of the behaviour of rock bolts but also of the behaviour of Jointed rock,
either with or without rock bolts, Before describing some of the investiga—
tions which have been carried out and the procedures which have been developed,
consideration will be given to a few simple joint studies which illustrate

rock joint behaviour and the effects which rock bolts might have on it

Simple Joints and Rock Bolts,

For underground excavations the rock is generally confined within the
rock mass except at the free face, The case of loose surface blocks or slabs
of rock offers no particular problens,

For rock at the surface of an éxcavation there is in general one
principal stress acting viz,, the stress parallel to the free surface, and the
simple joint studies are confined to two dimensional cases of this kind (Figs,
12 and 13). To simplify the presentation resultant forces on a block have

been used, viz. P represents the resultant of the forces on the joint parallel
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ROCK BOLT PHOTOELASTIC INVESTIGATIONS

A guide to the behaviour of rock bolts and the stress condition they
cause was obtained by photcelastic investigations. These covered such vari-
ables as tenslon in bolt, length of holt, spacing between bolts, angle of
bolts to free surface and the effect of bolts at re-entrant angles and other
construction features., Examples from the series of tests with bolts normal
to the free surface are given in Fig. 18, The models were CR,39 plastic
1/4 in, tﬂick and of various widths and lengths to suit the matters being
investigated. Bolts were similated by loading heads connected by steel piano
wire on either side of the plastic plate. Analyses of the stress patterns
show very clearly that to develop a zone of uniform compression betweenlthe
ends of the bolts 1/s should be not less than 2. At this value the zone is
relatively parrow whereas for 1/s = 3, it is approximately two-thirds of the
bolt length (Fig., 18). Between the bolts, tension develops in the surface and
there i1s a small area subject to tension which reaches its maximum mid-way
between two bolts.

Similar investigations were carried out for bolts at 45° to the free
surface with bolts in one direction and also crossed. In all cases, it was
found that the 1/s ratio had to be approximately 2 or more to give a zone of
uniform compression. Fig. 18 shows stress patterns for an unconfined condi-
tion, i.e., no end restraint. Under this condition, uniform tension is in-
duced in the material at right angles to the direction of the bolt. If end
restraint or end loading is applied, then the tension is eliminated by a
developed compression. Following the simple joint studies a model (Fig. 19)
was constructed to confirm that material with regular joints could be stabil-
ised by rock bolting. The regular joint pattern selected approximated the
pattern encountered in the machine hall roof. The model consists of approx-
imately 640 pieces of CR39, 1/4 in. thick. Each block has smooth sides and
stability is dependent entirely on the compression developed in the mass by

the three rock bolts. End loading was not imposed but was developed against
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v fEsliaiuc oy Lensioning the rock bolts, The model wag free standing and
the patterns shown in Fig., 19 were obtained with circularly Polarised monochro-.
matic light. It can be seen that stress concentrations are occurring at the
corners of most of the small blocks, 1.e., the blocks are sliding andg rotating,
The transfer of stress from bolt to bolt can also be seen together with com-
paratively large areas of fairly uniform stress. The conditions in this model
were far worse than would be encountered in actual eonstruction, Thege photo-
elastic studies of bolt behaviour are being continued to cover many of the

situations met with in construction practice.

and the ratio 1/5 has been between 2 and 3 for this work, No Jointing pattern

in the rock is completely regular and the casual spacing of bolts based on

superficial surface conditions could well lead to disastrous consequencesg,
ROCK BOLT TESTS - CRUSHED ROCK.

It was mentioned earlier that rock met with in practice varies from
intact material to highly crushed and fractured rock, The Photoelastic studies
gave an Insight into rock bolt behaviour in an elastice, isotropic material,
Therefore; investigations were made into the behaviour of bolts when usegd to

stabilise an uncoherent crushed rock mass ,

Box and Bucket Models,

These models were qualitative and are illustrated in Fig. 20, The
first consisted simply of a rectangular box with a perspex front which was
filled with small crushed rock 3/16 in, in size using model rock bolts, The
mass was compacted by vibration to eliminate some of the looseness inkerent
in this material, After tightening the bolts the box was inverted and 1t was
found that this material could be satisfactorily supported, ((a) & (p) Fig.20).
The second qualitative test was made with anp ordinary household bucket ((c¢) and

(d) Fig. 20). The lateral pressure developed by the bolts was sufficient to

Support not only ”




the weight of the material in the bucket but an external load as well. It wasg
concluded that the material was behaving in a quasl-plastic manner under the

pressure created by the rock bolts, thus developing the lateral forces.

Machine Hall Roof Model.

A model of the machine hall roof using this material was also
constructed (Fig, 21). The model had provision for side and top loading of
the crushed rock material. After several trials, it was found that the
material could be successfully bolted and could not be failed even although

some hundreds of pounds was added as a top load.

Tension Zone.

In the photoelastic investipations it was noted that at the free
surface between rock bolts there existed a small tension zone. In the
uncoherent crushed rock material there was a fall-out of loose material in
this zone. Such fall-out occurred and can be seen in (b) and (d) Fig. 20
where small vaults have been created between the boundaries of the rock bolt
washers. This was the first lead to an explanation as to why in practice
relatively light steel wire mesh support between bolts was capable of
stabilising loose rock surfaces, The fall-out of this small amount of loose
material in the tension zone between bolts could easily start an "unravelling"
of the whole mass due to the movement of certain key fragments which, although
carrying little or no loads, may start a run if they are removed. This
action was demonstrated with the machine hall roof model and examined by
means of high speed moving pilctures.

In the machine hall roof mcdel the very small amount of support
needed to cope with these tension zones was demonstrated by using one cigarette
paper under each rock bolt washer, (Fig, 21). Following the completion of
bolting the cigarette papers were burnt away and the whole mass still remained
stable, However, all work on the small models has been carried out without
support between bolts. This could lead to a greater proportion of failures
but it was done dellberately to examlne the nature of the fall-out, the shape

and extent of the vaults created, and the mechanism of failure.
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Single Bolt Tests.

Following this preliminary work, lnvestigations were begun using
single bolts in cylindrical tubes. This gave an opportunity to have experi-
mental results in a form that could be analysed more easlly. These tests

have shown that when the bolted material is Just stable there is a relation-

MMM&%LMM&MMW ize

|
]
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|

m, the bolt length 1 and the bolt tension B, Although generalised forms of

the relationship have not yet been fully resolved the ratio

f= 7;’;— (12)

bas proved to be a useful parameter. For example, in investigating the effect
of particle shape, a series of tests were made using marbles in a vertical

box having a width slightly greater than the marble diameter and fitted with
an adjustable opening in the bottom. Fo? an F number of 3 the marbles were
always stable. If the F number was 4 they invariably failed,

Rod Model.

Following the results of the experiments with the marbles the model
shown in Fig. 22 was constructed. It consisted of 3 in., x 1/4 in. cylindrical
rods of polystyrene made up into the form of a beam. It was constructed in
the belief that the circular shape was probably the least stable which could
be used. The F number adopted was 3 and the bolts were spring loaded so that
bolt tension could be determined. The loading jig enabled end loads to be
applied or measured and also provided for free or fixed end conditions, The
fall-out between bolt washers, thus creating vaults, can be easily seen. The
beam was loaded with a concentrated load ((b) Fig. 22) and was found to
behave approximately elastically up to failure, which, where it occurred, was
sudden and catastrophic. For an F value of 4 the beam was always unstable.

Rock Bolt Tests - Crushed Rock.

Following the small-scale tests larger scale tests for material

similar to that whiech might be encountered in excavation Practice and using
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bolts of large silze were begun and are continuing. The testing apparatus
consists of a box'4'ft. x 4 ft. x 4 ft. (Fig. 23) with vibrating wire pressure
cells mounted in the sides to measure lateral pressures, and a hydradlic Jack
assembly to apply and measure central loads.

From the small scale tests 1t was concluded that bholting of the
crushed rock was creating from the uncoherent fragmented rock mass a quasi-
elastic diaphragm between the ends of the bolts. Therefore, in the larger
scale tests it was decided to construct diaphragms with varjious thicknesses.
The method of using the testing rig shown in Fig. 23 is to bolt a temporary
floor of planks underneath the box, place the rock bolts in position, fill
the box to the required depth, assemble and tension the bolts, and then remove

the floor. Following this the diaphragm was loaded, and deflections, loads,

lateral pressures and bolt temnsions measured.

The results of several of these tests are shown in Figs, 24, 25, and

26, and in Table 2, (a) Fig., 24 shows the bolting of crushed rock material

3 to 5 in. in size with bolt tensions of 7,500 1b. per bolt., After initial

failures with larger values an F number of 3.25 was selected and the rock

mass was successfully supperted. It supported a central load of 13,000 1b.

which was the maximum which could be applied with the loading jack. It was
noted that the bolt tension became less as the load was cycled and finally
failure was induced by deliberately reducling the bolt tension to zero.

{(b) Fig. 24 was a test with smaller material, 1.5 to 2.25 in. in size
with an F number of 4.25, and a bolt length of 23 in. Results of this test
are given by curve 1, Fig. 26. After removal of thé bottom the loose rock in
the tension zone between the washers fell out, creating the vaults seen in
Load was applied and although there had been no indications of

(b) Fig. 24.

failure, a few fragments dropped out at 7,000 1b., D (Fig. 26) and commenced

an unravelling leading to failure. In order to prevent this and to demonstrate

how flimsy a support may be needed between the bolts, the test was repeated
with 2 in. by 24 gauge chicken wire netting placed beneath the bolt washers,
((a) Fig. 25), but was not attached to the sides of the box. There was little

27.
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bulgitg of the wire and the model was loaded and unloaded in accordance with
the sequence shown graphically in Fig., 26. Cyclic loading was applied at
points 2, 3, 5, 7, and 9, (Fig. 26). Small permanent deflections occurred
with each cyclic loading in the early stages, e.g. between 3 and 4 (Fig, 26),
and at each cycling point the loading and unloading was continued until the
additional permanent set per cycle had fallen to 0.001 in. At 5, 7, 9, it
will bte observed that, after a number of cycles, further permanent deflection
ceased and constant hysteresis loops were obtained., At 8, the load was left
on overnight and there was a relaxation of strain and load in the 12 hours.
After bringing it back to the maximum load, viz. 13,000 1b., the load was
reduced-to zero and a serles of cycles at 0 to 10,000 1b. applied. At this
stage, 10, Fig. 26, the chicken-wire was cut away, ((b) Fig. 25) when fall-out
in the tension zones occurred with ﬁypical vaults appearing between the bolts,
It was again loaded from 10 to 11 during which rock fragments were falling
out, and left standing at 13,000 1lb. for an hour. Occasional fragments fell,
glving a small relaxation in strain and load. The mass was then saturated
with water and it failed by general collapse.

Significant features i1llustrated in Table 2 and Fig, 26 are

(a) the general curve of the envelope 2, 3, 4, 6, 8, 11 is typical of a
brittle material,

(b) the unloading and reloading curves for the cyclic loading follow a
power law of the form W = b (h-a)” and show elastic hysteresis,

(c) the crushed rock material behaves quasi-plastically and after working
has a "yield" point which increases in a manner analagous to "strain
hardening'" for ductile metals,

The other test results given in Table 2 are for erushed rock identical
with that used for tests in Fig. 26, with 4 bolts instead of 9, However, the
bolt tensions were increased from 5,000 1lb. to 15,000 1b, following results
from the small scale tests which showed that if bolt tensions were increased,

then F numbers could be increased also, 2 in. by 24 gauge chicken-wire was
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used under the bolt washers. It was anticipated that the wire in this case
would be carrying a larger load.than in the earlier test and this proved to
be fhe case. Loading was carried through a serles of Cycles and the material
was quite stable up to the maximum load of 13,000 1b. Again, the chicken-
wire was cut but this time the model failed by unravelling when about three-
quarters of the chicken-wire had been removed.

These investigations demonstrate -

(a) that crushed rock can be stabilised by rock bolts and the dlaphragms
formed between the ends of the bolts behave as an integral, quasi-
plastic structural member,

(b) that loading and unloading causes "working” of the fragments with re-
duction in tension in the bolts thus demonstrating the need for re-
tightening bolts after vibration or other working,

(¢) the very flimsy nature of the support that is needed to cope with
loose material in the tension zone vault between the bolt washers,

(d) the importance of supporting such loose material so as to prevent
unravelling of the whole fractured mass behind the bolts when under
load.

Bolts have been used in such locations at several points in the T1
Power Station work,., Generally speaking, steel mesh lagging was not needed in
the Tl Power Station except over the upstream wall where it was placed to
prevent danger to workmen from small loose rock fragments rather than for
structural reasons,

Analyses of the conditions pertaining in the bolted crushed rock

diaphragm have not reached the stage where a trled and working formula can be

put forward.

ROCK BOLT INSTALLATION

At the time these works began, much information had been published
about slot and wedge type bolts in sedimentary rocks, but very little infor-

mation was avallable on the use of these bolts in hard rock. The opinion
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seemed to be held, almost universally, that the slot and wedge type anchorage
was quite satisfactory in the softer rocks, but was not satisfactory in hard
rocks such as granlte. Therefore tests were carried out to ascertain the
competency ©of bolts in granite and to determine a satisfactory technique for
installation. The testing program centred around the slot and wedge type
anchorage, and 200 bolts of this type were tested. Some 60 bolts with expan-

sion type anchorages were tested for comparison purposes,

Rock Bolts used in T1.

The rock bolts used-in Tl consist of a mild steel bar, 1 in, nominal
diameter, with 6 in. of rolled thread (1in. Whitworth) at one end and, at the
other end, a flame-cut diametrical slot, in which the flame-cut weége was in-
serted, A dimensioned sketch of this anchorage is given in (a) Fig. 27, The
diameters of the drill holes were maintained between 1-1/4 in. and 1-3/8 in,
and lengths were 10 ft, 15 ft. and 20 ft. with occasional odd sizes for
special work.

The ultimate strength of the bolts was approximately 40,000 1bs,

(60,000 psi) and the yield point was 22-24,000 1bs. (33-36,000 psi)

Strength of Rock Bolts,

The so-called "strength" of a rock bolt is determined by its
anchorage and a bolt is considered to have failed if it is impossible to hold
the required tension in the bolt owing to continuing slip of the anchorage.
In practice, tension in the bolt would normally not be greater than the yield
point of the steel and therefore the breaking of the steel shank does not
arise, In the tests a number of bolts were taken well over the yield peoint
of the steel and bolts were broken either in the thread or in the prongs in
the vicinity of the wedge.. The load in the bolt at which the anchorage slips
depends on the driving technique, the relative magnitudes of hole diameter,
bolt diameter, slot width, and wedge dimensions,

The relative dimensions of the anchorage and the installation
technique are satisfactory and the bolt can be considered competent if the

tension in the bolt can be raised to the yield point of the steel or other
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required "“proof” load without significant anchorage slip.

Test Procedure.

The test procedure consisted of drilling the hole, inserting and
driving the bolt, pulling the bolt with a hydraulic jack assembly and
measuring bolt tension, anchorage movement, and bolt elongation. The tests
were all carried out with 1 in., nominal diameter belts apd included drill hole
diameters from 1-1/16 to 1-5/8 in. wedge sizes from 1/2 to 1 in. and bolt
lengths from 2 to 20 ft. Driving time, air pressure, length of bolt, and the
number of impacts per minute by the driving hammer, were alsoc varied and the
effect on anchorage competency noted. It was found that no trouble was
experienced in obtaining a satisfactory anchorage if the air pressure at the
driving hammer was not less than 75 psi, (preferably 85-100 psi) the driving
time was 20-30 seconds, and the hammer gave between 2-3,000 impacts per minute.

Variation in anchorage efficiency was observed between holes which
were drilled vertically downwards, horizontally, and vertically upwards.

The vertical-up holes were self-cleansing, and after cleaning drilling sludge
from horizontal and vertical-down holes, it was found that these holes gave
results equal to the vertical-up holes,

Although it may be reasonable to assume that the longer bolts would
absorb more energy and therefore the anchorage would not be driven as
satisfactorily as it would with shorter bolts, the test results, covering bolt
lengths from 2 to 20 ft. were not decisive in this regard, However, work in
the power station did show that more care and attention were required in
driving the 20 ft. bolts than the shorter bolts if satisfactory anchorages

were to be obtained.

The various dimensions used in the anchorage assembly were correlated

by

_ w+d-¢-D
63 D (13

in which D is diameter of drill hole, d is diameter of bolt, t is width of
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sht, w 1s wedge thickness, and Eag is the diametral strain of the
arthorage assembly assuming the assembly 1s deformed to the hole diameter.
The test results in terms of & £ 2and two "proof" loads are
stmarized in Table 4. This shows that, provided Ek? 1s 0.15 or greater,
thwere should be no difficulty in achleving a 95 per cent, satisfactory
pe rformance for bolt loads up to 20,000 1bs, and 80 Per cent., for bolt loads
up to 30,000 1lbs, If Eig 1s less than 0.15 then only 65 per cent.to 46
pex cent. of the bolts are satisfactory,

Anchorage Behaviour

When the wedge is inserted in the slot and the wedge and bolt driven
home against the end of the drill hole, the prongs of the bolt Spread, touch
the sides of the drill hole at A, (a) (Fig. 27), and from A to B are either
plastically deformed by the rock or Plough a groove into the rock or both.

If the prongs of the bolt de not plough a groove in the rock and the wedge is
driven home, then 6?8 the diametral strain of the anchorage assembly is
given by Equation (13).

A number of anchorages, after driving and loading, were removed from
the” rock and examined. The contact dreas were generally of the types shown
in ¢b) and (c) Fig. 27. Type (b) occurred where the wedge may not have been
driven quite home, whereas (¢) occurred if the wedge had been driven fully
home or even slightly past the end of the bolt. A typical contact area is
shown in (d),

In the course of the tests it was found that, on initially tightening
the bolt after driving, anchorage movements took place. As the loads increased
further movements sometimes took Place, When the ancharage did not 51ip with-
out further increase in load, the load could be removed andg agaln applied to
its previous value before further s1ip took place. 1In other words, the
anchorage itself had a "yield" point and behaved as though the junction between
the steel and the rock had the Property of "strain hardening',

It was also observed that in the center of the contact area rock

fragments and minerals were adhering to steel as at A in (b)), (e), and (d),
32.



Fig. 27. Clpser examination,((e) Fig. 27), revealed that in this central area,
the steel had been severely deformed plastically and showed characteristic
shear 8l1ip surfaces, A, and that the minerals adhering to it, B, also showed
shear slip surfaces, These minerals appeared to have also been pulverised
and compressed under very high pressurg. That the steel in this area had
undergone very severe plastic deformation was confirmed by a hardness survey
of the contact area. The unworked bolt shank had a Brinell hardness number
of 150 compared to 160 Jjust inside the edge of the contact area and a maximum
of 250 in the center of the contact areas, The contact areas were measured
and it was found that the semi-elliptical type of contact area ((b) Fig. 27)
Qas of the order of 0.8 sq. in. in area and the "streamlined" form ((c) Fig..
27) had an area of about 1 sq. in. Then if B is the load in the bolt, P is
the load on each contact area, and // is the coefficient of friction

between the steel and the rock,
B=2uyP (14)

The ordinary ccefficient of friction of steel on rock is about 0.5
and if this value be taken, the above equation makes P equal to B, As the
contact areas average approximately a square inch, the mean pressure over the
contact area would be 20,000 psi and 30,000 psi for the "proof" loads given
in Table 4,

If it is assumed that the distribution of stress over the semi-ellipse
approximates to a quadrant of an ellipsoid and over the "streamlined" form to
one half of the comparable solid of revolution, then the maximum stress Cﬁn

in the case of the semi-ellipse would be given by the equation,
and in the case of the "streamlined" form

B = 033 3 (16)
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If Bis 30,000 1b. then <J,, would be 120,000 psi in the first case and
90,900 psi in the second case.

Severe plastic deformation as found at A ang B, ((e) Fig, 27) begins
at & pressure equivalent to about 0.4 of the Brinell hardness number (9), (10),
Withh a Brinel value of 150 kgm per sq, mm, (214,000 psi) the Pressure for .
plastic deformation would then be about 85,000 Psil which is consistent with

the values for Cﬁ,, given above,

at the junction,

These features of the steel-rock Junction are consistent with the
stick-glip motion of the ancherage under increasing load which was noted
during the tests.

The deformation of the anchorage is elastic as well as plastie and if
the anchorage "sticks" at any applied load then this load must be exceeded
before it "slips", i.,e,, the "stick-slip" load increases as the elastic yield
point of the steel is increased by strain hardening. The elastie lateral
deformation of the anchorage assembly under increasing bolt tension in
accordance with Poisson's ratio will also contribute to the “stick-slip"
nature of the anchorage movement.

In hard rock, bolts with a slot and wedge anchorage can be installeq
satisfactorily and, if so desired, can be given an initial "proof" lead ta
énsure a margin over the working load,

Torque - Tension,

The most convenient method of obtaining a required tension in a bolt
is to use a torque-controlled impact wrench,

Tests were made to determine the torque-tension relationship for the
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bolts used in Tl. The tests gave a torque-tension relationship in accordance

with the equation

7 = /(Bd (17)

Where T is the torque applied to the bolt nut in pounds-feet, k is a constant,
B is tension in the bolt in pounds, and d is bolt diameter in inches. The
average value for k was 0.0166.

Field conditions, particularly angle between the bolt axis and the
plane of the bearing plate, can cause large deviations from Equation (17) and

care 1s needed to ensure that required bolt tensions are obtalned,
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CONCLUS ION

has been the means of preventing any major falls of rock either in the
excavation and construction of the roof or in the excavation of the machine
hall, The strain meter readings indicating high loads in a number of the roof
ribs, which are confirmed by the cracking and spalling of the concrete in Ribs
Nos. 11 - 15 on the downstream side of the machine hall, and the clinometer
readings would normally lead one to expect fracture and cracking of the rock
and opening up of joints in the walls of the machine hall excavation,
particularly just below abutment level, where maximum movement ang rotation
has taken place, That such symptoms have not appeared is due to the rock
bolting, the general pattern of which is shown in Fig, 36. The bolts are
from 10 ft, to 15 ft, long and have created a diaphragm (some 7 - 10 ft,
thick) around the whole excavation which in effect is behaving as an integral
elastic shell. This is consistent with the action and behaviour of rock
bolts as demonstrated by the investigations which have been carried out, and
also demonstrates the efficacy of slot and wedge type anchorages in hard
igneous rocks. It is proposed to use rock bolts as the primary support in
future underground power stations and tunnels and investigations into their
use and behaviour are continuing,

The investigations into the bolting of crushed rock material have
demonstrated that it is feasible and practicable to reconstitute highly
fractured and closely jointed rock with rock bolts and relatively light steel
mesh, This was demonstrated at several minor locations in the T1 Power
Station work by the difficulty encountered in removing rock in construction
drives which had been "temporarily" bolted,

Estimates of the quantity of conventional steel rib Support that

would have been required for the machine hall roof as against the rock bolt

46,
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support show that eight times the weight of steel would have been required and

the cost would have been five times greater,
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TABLE 3
—_ e ——

AVERAGE ROCK PROPERTIES

ITEM Explora- | Machine Explor~ | Machine Trans-
tory Hall atory Hall former
Tunnel Tunnel Hall
Specific Gravity
(Bulk) 2.73 2.71 2.70 2.73 2,71
Porosity (% Volume) 0.30 0.70 0.30 0.30 0.50
Compression
Ultimate Compressive
Strength (1000
psi) 19.5 21.0 21,0 19.5 14.3
Limit of Proportion-
ality (1000 psi) 13.2 12,9 12.5 12.5 11.6
E (10% psi) 10.3 8.4 10.2 9.4 7.3
Poisson's Ratio Y - 0.22 0.25 0,25 0.23
Angle of Fracture 65° 67° 70° 730 200
Tension
Ult. Tensile Strength
(1000 psi) 1.18 1.11 0.93 1.10 0.99
Limit of Proportion-
ality (1000 psi) 0.88 0.58 0.83 0.56 0.40
E (108ps1) 7.6 6.5 9.3 7.3 6.7
Angle of Fracture 59-10° 5°-10° 5°-10° 5%.10° 5°-10°
ITEM TRANSFORMER HALL MACHINE HALL
TYPE 2 GRANITE TYPE 2 GRANITE
Triaxial Tests
Confining Pressure
1000 psi 0 5 15 0 5 15
Axial Ult, Compressive
Strength 1000 psi 14.3 [35.3 | 0.2 19.5 149.9 | go.3
Angle of Fracture 65° 600 65° 650 650 60°
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TABLE

K]

ROCK BOLTING STATISTICS

TR

Number of Bolts Total | Area Area per Length of
Plain ! Grouted | Total Length Sup- Bolt for Bolts Used
Featwre . ‘ported |Pattern
1,000 1,000 Bolting
No, No. No, It sq.ft, [sq, ft,
Machine Rall
a. Roof 2,194 - 2,194 |26.7 25.4 11.6 ) 10°', 15', 20'
) Few 7' and
b. Walls 261 861 1,122 j16.5 30.0 27.0 ) 12¢
Transf oxner
Hall
a. Roof 1,366 - 1,366 [17.0 10.0 6.6 )
) 10" and 15°
b. Wall 40 83 123 1.4 6,0 44,0 )
Tailrace
Portal -—
Open Cut 62 177 239 2.4 15.0 63.0 10°
Totals 3,923 1,121 5,044 (64,0 86.4 17.1
Tunnels and )
Shafts 940 - 940 Not pattern bolting 8' and 10°
TOTAL 4,863 1,121 5,984 - - -




!,

SLOT AND WEDGE ANCHORAGE TESTS

TABLE 4

1l in., Dia, M.,S. Rock Bolts

€z ~=0.15 0.15-0.25 0.25-0,35 == 0,35
Proof Load - 20,000 lbs,
No. % | No. % | No. % |No. %
Total Bolts Tested 31 | 100 [ 98 [100 | 68 | 100 | 18 | 100
Competent 20 65 | 93 95 | 66 97 [ 18 | 100
Failed 11 35 5 5 2 3 0 0
Proof Load - 30,000 lbs.
No, % No. % No. % No. 9,
Total Bolts Tested 22 [ 100 [ 38 | 100 | 20 |[100 4 | 100
Competent 10| 48 | 31 82 | 17 85 4 | 100
Failed 12 | 54 7 18 3 15 0 0

- TR Tty

o
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APPENDIX I

NOTATION

Normal stress on planes perpendicular to x, y
and z axes,

Maximum stress,

Body forces,

Welght per cu. ft. of rock,
Acceleration due to gravity.
Poisson's Ratio.

Ratio of horizontal to vertical stress in gravity
field,

Vertical stress in a gravity stress field,
Horizontal stress in a gravity stress field.
Resultant force,

Weight of a discrete block of rock or a
concentrated load.

Tension in a rock bolt,

Angle between surface of joint and normal to the
free surface,

Coefficient of surface friction.
Angle of friction defined by tan g = /j
Moment

Shearing force.



One half of depth of block iIn which a joint is
subject to moment M,

Fringe value for normal stress,

Fringe value for shear stress.

Length of rock bolt,.

Spacing of rock bolts,

Clear space between rock bolt washers. I

Mean particle slze.

R TR

Ratio of s, to m,

Displacement or deflection.
Diameter of hole drilled for rock bolt. ,
Diameter of rock bolt. 1
Width of slot in rock bolt,

Wedge thickness,

Direction.

Diametral strain of anchorage assembly for slot
and wedge type bolt.

Torque,

Constant in torque - tension equation.
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(a) BOX MODEL (c) BUCKET MODEL

> i 2

(b) BOLTED SURFACE (d) BOLTED SURFACE
OF BOX MODEL OF BUCKET MODEL

CRUSHED ROCK MODELS

FIG. 20
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OOFBOLT MODEL

- 26/10/195¢
CRUSHED ROCK MODEL OF
MACHINE HALL ROOF

FIG. 21
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ROCK BOLT TESTS-CRUSHED ROCK

FIG. 23




(a) Crushed Rock 3-=5

I I
(b) Crushed Rock 15 —2%

ROCK BOLT TESTS

FIG.24
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(b) Wire Netting removed at Load of 13000 Ibs.

ROCK BOLT TESTS

FIG.25
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UnloadingBay Level ~ RL.2722 . |

o = [O'Rock Boits Notes: . Rock bolts in wolls were grouted
x = |5' n " 2. Pattern of Bolts 5'x5' approx.
A = 2ol 1 1l

ROCK BOLTING IN MACHINE HALL

FIG. 36
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the hoist cables in two layers. To compensate for the
different, and the variable stretch-characteristics and
spexds of the two cable systems, the lower end of
the multi-core cable hangs beside the cage in a short,
fre-¢ bight, lightly counterweighted, so that the varia-
tioxs merely affect the length of the bight.

Structural Behaviour Studies

“The behaviour of the pressure shafts under load is
uncler observation so that the design assumptions
can be verified and, if desirable, refined for future
pressure shafts. _

QOaly one pressure shaft was instrumented as the
behaviour of the second shaft is expected to be very
similar because of the close proximity of the two
shafls and the comparable rock conditions. Strain-
meters are attached to the outside of the steel lin-
ing near the upper and lower bends. The pressure
of the groundwater around the shaft is measured by
pore pressure cells installed near the strainmeters.
From these instruments, cables lead to terminals in
the top and bottom construction adits where the
readings are made.

When the pressure shafts are filled, the steel lin-
ing expands and some of the load is taken by the
concrete and the rock. When the pressure in the
shaft is reduced, either by lowering the water level
in Tumut Pond or draining the shafts, the steel Jin-
ing contracts but corresponding recovery of the back-
ing may not occur. In this case a gap may open
between the steel liner and the concrete which in-
creases the vulnerability of the steel liner to
buckling by external water pressure: The stress in
the steel lining and the magnitude of the gap were
computed from measurements of strain in the steel
lining. , .
During the commissioning of the power station
the pressure shafts were filled and drained a number
of times while testing the operation of mechanical
equipment, and opportunity was taken to read the
strainmeters and pore pressure cells for various
water levels in the shaft. The measurements showed
that the steel liner takes about one-third of the
internal pressure, while two-thirds are taken by the
concrete and rock backing. The width of the gap
as derived from these measurements was of the same
order as anticipated from similar measurements on
overseas pressure shafts. The groundwater pressures
at the locations tested were negligible. The results
were very satisfactory as they showed consistency
between observation and theory.

Pressure Shaft Guard Gates
As previously indicated, the headwater surge tank
risers serve also as the gate shafts for the two gates

at the entrances to the pressure shafts. The gates have
two functions—they act as isolating gates to permit
the pressure shafts to be dewatered selectively for
inspection or repair, and as guard gates 1o close
against full flow in an emergency. By cracking open
the gates, they are also used to refill the shafts after
a dewatering operation.

Each gate is effectively 10 ft. 3 in. wide by 15
ft. 3 in. high, and withstands a water load of 1,525
tons under the maximum operating head of 350 ft,
The gate leaf is of massive riveted construction
and, to minimize the friction of such a load,
has six steel wheels on each side which run on
tracks embedded in the concrete. Composite gate
seals of rubber and bronze are used.

Each gate is raised or lowered by a hydraulic hoist
(fig. 3.22) mounted in the upper surge chamber,
the gate and hoist being connected by a series of
8 in. dia. pin-jointed steel rods totalling some 340
ft. Each hoist, which is operated by oil pressure, has
a lifting capacity of 600 tons in order to control
eftectively not only the dead weight of the gate and
stem but also the drag of friction forces on the gate
and the very substantial hydraulic downpull which
acts on the gate when partly open.

The gate is controlled from a cabinet beside the
hoist. For safety reasons, it can be opened only at
this cabinet but it can be closed, in emergency, by
remote control from the power station, either by
push-button or by certain automatic protective
devices. Since the gate must be ready at all times for
emergency closing, it is held open by oil pressure
beneath the hoist piston; and there is, of course, some
tendency for oil to leak past the piston, thereby
allowing the gate to move slightly from its fully open
position. However, as soon as the gate has sagged in
this way by a few inches, an automatic device starts
the oil pump which restores the piston to the fully
open paosition. :

POWER STATION

The power station is the hub of the whole project
for it is here that the energy of the high-pressure
water is converted into electrical energy at high
voltage.

The principal structures of the power station are
two large underground halls which house the
turbine-generators, the transformers and all ancillary
and control equipment.

The arrangement of these halls and other under-
ground chambers, of the water passages and the
tunnels connecting to the surface is shown in figs.
3.24 and 3.25.
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Geology

The rock nass surrounding an underground
power station becomes a structural element whose
properties and characteristics under load are of vital
importance; geological conditions were therefore
very carefully explored.

In the first stage of the 1nvest1gat10ns, four slop-
ing diamond drill holes, varying from 1,000 to
2,000 ft. in length, were put down from the surface
to power station level. The rock samples brought to
the surface indicated that there was a sufficiently
large block of sound rock for the power station at
the required level 1,000 to 1,200 ft. below. In order
“~ confirm these results and to obtain further infor-

.ation on the detailed structure of the rock, an
exploratory tunnel, 1,100 ft. long, was next driven
into the site from the floor of the vallcy, and from
chambers near the end of the tunnel, six diamond
drill holes with a total length of 1,380 fl. were drilled
across the proposed machine hall and draft tubes.

The rock at the site is granite and granitic gneiss.
The granite is in the form of sheets 100 to 300 ft.
in thickness. which are inclined at 40 to 50 deg.
from the horizontal and are intrusive into the gneiss
(fig. 3.23).

Both rock types are hard and strong and the
samples cut from diamond drill cores gave the fol-

lowing laboratory figures:—

* Unconfined
compressive
strength, approx.

® Tensile strength,
approx.

* Young's Modulus

20,000 Ib/sq, in.

1,000 1b/sq. in.
6.5 to 10 x 10% Ib/sq. in.

* Poisson’s Ratio 0.2 to 0.25

In its natural state the rock mass contains three
systems of parallel fracture planes or joints which
are at approximately right angles to each other; at
the power station site the rock is also intersected
by several small faults. These defects considerably
reduce the strength of the rock in situ, in comparison
with the strength measurements derived from small
samples of unjointed rock.

The gneiss, although similar to the granite in
many respects, was much more closely jointed. It
was judged that the power station could be built in
either rock type, but that the large halls would
probably be easier to construct in the granite where
fewer supports would be required. When the rock
was exposed by a pilot drive through the machine
hall, it was found that the quality of the granite was
superior to that anticipated from the drill cores. The
pilot drive was extended, for further exploration,
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Aduve: Fi16. 3.24. Tumut | Power Statién. Sectional elevation of ransformer hall. 1: Concrete roof ribs. 2; Switchgear cells. 3: Come

d air room. 4: Qil treatment room. 5: Concrele shell ceiling. 6: 330 kV cable,
presed air r 10: Pipe and control cable duct.

9: Transformer oil drainage sump.

Right: Fig. 3.25. Tumul | Power Station. General arrangement and sectional elevation of machine hall.

2: Corrugated iron ceiling. 3: Expansion joinl. 4: Concrete ro

7: Overhead wravelling crane. B: Control room. 9: Workshop,
15: Swilchgear cells.

pohng pit. 13: Storege area. 14: Connecting tunnel,

18 : Pipe and cable duct (busbar duct above).

70 ft. beyond the far end of the machine hall; and
as more good granite was encountered it was decided
to move the location of the station a distance of
70 ft. along the axis of the machine hall: this placed
almost the whole excavation in the granite,

The original water table was 100 to 150 ft, below

the surface, but inflows into the excavations of up
to J cusecs caused the water table<above the site
to fall by 250 to 500 ft. It was considered impor-
tant that the water table should be permanently.
maintained as low as possible in order to reduce
the external water pressure on the pressure shaft
linings; the free-draining of the rock mass intd the
excavations has therefore been pres:erved wherever

possible.

Disposition of Main Excavations

The principal factors determining the Iayout- of
an underground power station are the space require-
ments of the equipment, the safety of the excava-
tions, and the cost. To maintain the stability of the
rock around individual excavations, it is desirable
that dimensions be kept small; on the other hand,
too many small excavations in close proximity could
also be unsafe, and would tend to be more costly
for the same usable fotal volume. A further require-
ment was that the long high walls of the main exca-
vations should intersect the principal sets of joints
and the granite/gneiss boundaries at large angles.

As a compromise between these various and
somewhat conflicting conditions, the two largest
walls—those of the machine and transformer halls—
were placed at right angles to each other, and the
much smaller tailwater surge chamber parallel to
the machine hall, .

By locating the control building and the assembly
bay at opposite ends of the machine bays, it was

of ribs, 5: Concrete roof abutment beam,
10: Cable and ventilation gallery,

19: Step-up transformer.
chamber. 22: Tailwalter surge tank, lower chamber,

8: Step-up transformer,
12: Access tunnel,

7: Ventilation fan.
[1: Busbar duct,

1: Concrete shell ceiling,

6: Crane runway beam,
I1: Access gallery. 12: Roggr
16: Compressed air room. 17: Oil treziment room,’
20; Yentilation plant room. 2]: Tailwater surge ank, uppe
23: Drafi tube.

possible to confine the deepest excavation to
central part of the machine hall, thus avoiding
vertical end walls.

Intersection of the two large halls would
presented difficult problems of support,
in the early stages of construction; they were
fore separated by a connecting tunnel with
minimum cross section needed to accommodate
transformer passage and the busbar ducts,

Structural Analysis of Excavations and
Behaviour Studies

There is still much to learn about the
of rock surrounding large underground
and the opportunity was taken at Tumut 1
Station to initiate a programme of rock stress
urements and structural behaviour studies.

Actual rock stresses around excavations
on the stress conditions in the native rock, the
and dimensions of the excavation, and the
cal structures present,

At an early stage in eXxcavating, the actual
at selected points of exposed faces were
using the flat-jack method. The stresses in the
turbed rock were deduced by correlating the
stresses with the results of photo-elastic
studies of the stress concentrations on
sional models of the excavated cross sections.
studies disclosed an apparent anomaly; in
horizontal stress field in the undisturbed rock
considerably larger than the weight of the
gave reason to expect, and was of near equal
tude with the vertical stress field. The reason
is open to surmise, but the large horizontal
may be ‘locked up’ stresses founded in the
history of the region.
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: Turbine spiral casing.

: Regulating ring,.

: Draft tube gate slod,

: Cooling water pump,

¢ Oil-cooler for bearing oil.
: Generalor octagon,

: Raolor.

: Neutral carthing equip-

ment.

: Unit  auxiliary lrans-

former.

. Impulse exciter set.

: Conirol building lif,
: Control desk.

: Control board.

: Metering board.
: Protection board.
: A.C. common

services
and D.C. distribution
board.

: Normal drainage pump.

: Governor putnping sef.

: Emergency drainage pump.
: Main inlet valve.

: Draft tube gale suspended

from hoist.

: Generator-transformer

connections.

: Control cables.
: Unit auxiliary board and

local control panel.

: Current transformer and

lightning arrester.

: Generator.

. Expanded meial screen.

: Draft wbe,

: Drainage gallery.

: Guide vane servomotor.
. Governor.

1 Overhead travelling crane.
: Concrete rool abutmenl

beam

: Galvanized iron ceiling.
: Concrele rool rib.
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Once the initia] rock stresses were known, the
effect of the progress of the excavation on the stress
distribution around the machine and transformer
halls was studied by the photo-elastic method. These
investigations showed that the worst stress conditions
should occur at the first stage when the roof exca-
vation was completed down 1o the springing line.
Maximum compressive stresses were predicted at the
corners of the excavation for the roof abutments,
with almost zero stress at the crown; but continuing
excavation below the springing line would reduce
the stresses at the abutmenis and cause increased
compression at the crown. It was concluded that, if
the rock was stable at the first stage of excavation,
no troubles need be expected as the excavation pro-
ceeded downwards.

The photo-elastic studies were extended to fore-
cast the behaviour of the concrete roof ribs during
excavation. Confirmatory evidence was required to
support these theoretical invesligations, and the fol-
lowing measurements were therefore taken during
the excavation and construction of Tumut 1 Power

Station.

* Measurement of strain in the reinforced concrete
arch ribs by means of electric resistance-type
strainmeters embedded in the concrete, and
Huggenberger deformeter points fixed to the
sides of some of the ribs.

¢ Measurement of rock and concrete movements
during construction by means of senditive level
clinometers and by precise survey methods.

Although measurements still continue, it has been
established that the field measurements of the
behaviour of the roof ribs are in good agreement
with forecasts from the photo-elastic studies.

Use of Rock Bolts

During the design of the power station it was
decided to use rock bolts as the primary construc-
tion support for the roof and walls of the machine
and transformer halls. This decision was a bold one,
as rock bolts had not been previously used to any
extent in Australia for civil engineering works, and
certainly not in excavations of' the magnitude pro-
posed for Tumut 1 Power Station.

Over the preceding decade, rock bo!ts had come
into prominence as a means of support in coal mines
and other excavations in sedimentary rocks._ Little,
however, had been published on their use in ignecus
and other hard rocks. A programme of laboratory
and field investigation was undertaken in order to
oblain some basic information on the action of rock
bolts in a rock mass, on,the performance of the
diflerent types of anchor in the harder types of rock,

and on the value of diflerent instajlation Procedures,

In the granites of the Snowy Mountains A rea, the
continuity of the rock is broken by syslems of joints,
spaced from a few inches to severa] feet apart. Ad-
joining blocks of rock interlock by virlue of gyurface
irregularities, If, because of the effect of excavation
in the vicinity, these joints were allowed to open up,
the blocks would be able to move in relation 15 ‘one
another and this could result in a fall of rock into
the excavation. The purpose ‘of rock bolting is (o
hold the joints together so that they will Stay solidly
in place as in a2 masonry wall.

To be effective, rock bolting has to be carried
out as soon as possible after excavation as the joints
have 2 tendency to open wp gradually because of
readjusiment of stresses.

The mechanics of rock bolting were first studied
on laboratory models using various materials for the
blocks: wood with plain and notched sides, wax,
glass rods and crushed stone. A striking demonstra-
tion of the effectiveness of rock bolis was given by
supporting an arch made up of ordinary glass
marbles, a material chosen as an example of mini-
mum mutual adhesion,

In parallel to the model tests, photo-elastic studies
were made to investigate the stress conditions caused
by rock bolis. All these tests threw much light on
the questions of optimum tension, length and spacing
of the bolts and the desirable angle in relation to
the free surface,

To obtain information on the effectiveness of

-different types of rock bolts and rock bolt anchors

in the particular rock conditions of the Snowy Moun-
tains Area, some 300 test bolts were installed at two
sites—one a clifl face on the surface and the other
a disused access tunnel. These bolts were tested by
applying a tensile force to the projecting head of
the bolt until the anchor failed or the bolt broke.

As a result of these investigations and the very
satisfactory behaviour of rock bolts as a support dur-
ing construction, it became apparent that they would
be an economical permanent support of great use in
many places, if preserved against corrosion. Of the
various means of preserving the bolts, that of grout-
ing them into the holes was the most attractive. The
equipment and procedures which would do this
effectively and cheaply were soon developed, and
grouting of rock bolts has since become an everyday
precedure.

Grouted rock bolts offer very great advantages
over and above simplicity and economy. The grouted
rock bolts and the rock form in effect a kind of pre-
stressed structure surrounding the excavation, which
provides an ideal solution to the problem of ensur-
ing stability of the tunnels and other excavations.
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£¢

r[;w need for looking into rock mechanics came up
during the investigation stage for the T1 power station. This power
station is 1000 feet [305m] underground and not much was known
of the stresses in the rock at that depth,nor what would happen to
the rock when a big opening was cut into it. Of course the first way
of finding out what is happening is to take measurements. Therefore
teams from the Authority's Scientific Services division went down into
the access tunnels and measured the actual rock stress, that is, the
pressure acting on the rock due to overburden, the load of the rock
and the tectonic history which means what happened hundreds, thou-
sands and millions of years ago.

There were no methods known elsewhere which were suitable for
the work in the Snowy Mountains, therefore we had to develop our
own techniques. We discovered that the rock stresses were different
from what had been assumed. It had been assumed that the pressure
was essentially vertical with small horizontal pressures; the measure-
ments showed that the horizontal pressures—the frozen-in stresses
from the tectonic history of the area—were much bigger than assumed
and that they were about the same size as the vertical stresses. So
that was a feature that had to be considered in the design of the T1
power station.

When Tumut 2 power station came into the design stage, we were
better prepared and a more sophisticated approach was made. The
rock stress measurements were carried out in the access tunnel in
relatively greater detail and predictions were made on the behaviour
of the excavation as work proceeded. This was done by making models
with photoelastic material which could predict what would happen to
the rock when this big excavation was carried out. This preliminary
work was followed up by measurements taken during excavation. There
was very good agreement between what was predicted and the actual
behaviour of the power station. Considerable savings were involved
in the roof support which could now be made much thinner because
we knew the reaction of the rock to the excavation, The results of
this work became known elsewhere and caused general interest

throughout the world,? ? 31

It was about this time that the Authority took steps to ensure their
structures were designed not only to be efficient and economic but
also to be aesthetically pleasing, ‘We realised,” says Hudson, ‘that en-
gineers were all inclined to think that safety and minimum cost of struc-
tures are the beginning and end of things: we didn’t pay enough at-
tention to appearances. So we decided to do something about it.'2
A three-man committee was set up, the appointees being Professor
Dennis Winston, the Authority's Chief Engineer (Civil Design) Ivor
Pinkerton and Architect Donald Maclurcan. Not only were the aes-
thetics of the actual structures studied by the committee but also the
surroundings: the landscape work around the structure, everything
in any way connected with the structure went through the commit-
tee's vetting and approval. Donald Maclurcan:

Rock stress instrumentation switch box
in the survey niche of Tumut 2 power
station machine hall showing a reading
being taken with a Carlson test set,
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weehi airstrip (centre left) among the
foothills on the western side of the
Snowy Mountains.

£¢ T
his was not normal at that time. Since then of
course, society is generally more enlightened in these matters and very
few major engineering structures are developed without the combined
disciplinary approach. _

One of the ideas I had was that the construction of these giant un-
derground power stations was defective when it involved an attempt
to make them feel like buildings, with false windows and false light
coming in through these windows. Tumut 1, the first of the under-
ground power stations, was constructed with walls and lighting effects.
I remember talking about this with Bill Hudson. I suggested that for
the next station we just express the structure, excavate the great hole
and let the bare granite walls be seen. Hudson explained that there
were problems. There would, for example, be water on the walls. ‘Let
there be water,’ I replied. ‘Let it be’just like a hole in the ground.’
I might say I don't claim any originality for my ideas, and in express-
ing my beliefs I quoted other works which had been carried out like
this in France. Hudson thought about all this for some time and even-
tually he agreed that this next power station, T2 it was, be designed
in accordance with my recommendations.?? 56

On 10 March 1963 the Sunday Telegmph described the Queen’s
visit to Tumut 2:
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€€
The underground Machine Hall ... is like a setting
for a futuristic movie. It is 320 feet long, 51 feet wide and 110 feet
high [98m x 16m x 34m approx.] and brilliantly lighted.
With a touch of imagination, the engineers have left the natural
granite walls framed in the huge wall panels.
‘Was it because you had to, or was it by design?’ the Queen asked
Chief Electrical Engineer Callinan after commenting on the superb

effect.
‘By design,” Mr Callinan replied.”?

The bare rock walls of the T2 underground power station give visi-
tors an opportunity to see the Authority's innovative use of rock bolts.
Rock bolts are a fairly inexpensive method of strengthening areas of
broken rock which, if left without reinforced concrete lining, would
fall into the excavated area. The Authority used long tension bolts
so placed as to compress the rock around the tunnel for thicknesses
in the order of 3 metres. In-other words, broken or jointed rock sur-
rounding the tunnel was converted into a self-supporting arch struc-
ture. One advantage of this process was that rock bolting could pro-
ceed simultaneously with tunnel-face drilling, avoiding time-consuming
installation of steel supports which inevitably disrupts other tunnel-
ling work. Tim Besley has this to say on its merits:

€¢:

I think that the Snowy can legitimately claim that
it took the science of rock mechanics a quantum leap forward. We
Jooked at the concept of using bolts as a design method to reinforce
shattered rock. Nobody had done that before. Experiments were done
under the guidance of Associate Commissioner Lang in the Scientific
Services laboratories. These were really all directed towards under-
standing the pressures in rocks, the stresses and so on, and finding
a way to use the bolts, not just as pins for individual lumps of rock
but as a means of reinforcing around a tunnel for example. It emerged
that it was quite feasible and much less costly in two respects: firstly,
they were not as costly as a great steel support and, secondly, if in-
stead of rock bolts you were to use steel supports and concrete lining
in areas of broken rock, you would have to dig a tunnel considerably
wider in order to finish up with the specified diameter.?? 74

Rock bolts were used extensively in the Snowy tunnels and under-
ground power stations. In some places a calculated risk was taken
in not lining sections of broken rock, but despite the fact that much
of the Snowy tunnel system was left unlined, very few falls have oc-
curred. The decision on whether a weak section of excavated rock
should be lined or bolted was made by the Authority’s Tunnel Lining
Committee, and their decision, at least on one occasion, seems to have
caused concern to one of the Authority’s engineering consultants. The
Authority had engaged a number of eminent engineering consultants
for advice on special problems. One of these men was Raymond Hill
from Los Angeles. Engineer Ross McIntyre:

The intensive labour involved in lining
tunnels with concrele is seen here as
reinforcing steel is placed in a section
of the Jindabyne-Island Bend tunnel.
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(¥4

In the Murrumbidgee-Eucumbene tunne] we had
some bad areas to go through because there was a cadastral fault.
This is a major fault which runs from Canberra through to Bright in
Victoria, and it just so happened that the Murrumbidgee-Eucumbene
tunnel skirted that fault near the Murrumbidgee end. We were there-
fore in and out of problems and at one stage we were going to divert
the tunnel around it but we worked our way out of trouble. I travelled
through the tunnel with Mr Hill and very proudly said, ‘Well Mr Hill,
don’t you think it’s pretty good? We have only got 17 percent lining
in this tunnel.” He turned to me and he said, ‘Laddie, if this was my
tunnel, [ would have it 100 percent lined.” That was what he thought
of our innovations and the risk-taking we engaged in, There hasn’t
been any problems in that tunnel, but those were his feelings.?’

It is not surprising that a consultant would take a conservative ap-
proach to the Authority’s innovative use of rock bolts. What is sur-
prising is that the Authority was prepared to use innovative methods
as often as it did. Organisations spending public money tend to be
very conservative, since criticism of errors in judgement are normally
feared more than are increases in the cost of carrying out the work.
Merigan referred to this fear of criticism faced by public bodies:

£

This is the greatest handicap to real enterprise in
government organisation. There should be no penalty for a single er-
ror of judgement if that decision was made after a full appraisal of
all of the relevant facts. Occasionally there arises an individual who
is confident of his ability to meet and overcome criticism when it arises
and who is prepared to exercise his judgement as to what is best for
the organisation in the particular circumstances. If that individual is
the head of an establishment, this same acceptance of responsibility
quickly manifests itself throughout the organisation. Inevitably mis-
takes are made, but the cost of these mistakes is nothing compared
with the cost of suppression of initiative which arises from fear of criti-

cism.’ ? &3

Initiative and enthusiasm were the hallmarks of the Snowy people
from the beginning. In the late 1950s the enthusiasm was fuelled by
increasing confidence and pride in the Authority’s growing list of
achievements: the Eucumbene dam was completed in May 1958, two
years ahead of schedule; by 1959 the record-breaking tunnelling teams
had completed the Eucumbene-Tumut tunnel four months ahead of
schedule; and Tumut 1 power station was in full operation in Septem-
ber 1959, six months ahead of schedule.



238

SOURCES OF QUOTATIONS

Unless otherwise stated, the interviews listed below were taped by the
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the Archives of the National Library by Mel Pratt in February
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Adaminaby, Cabramurra, Cooma North, Talbingo and Khancoban,
1949-72.

Interview taped in 1975 with D.C.B. Maclurcan OBE, KCSG,ARI-
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Interviews taped in 1973 and 1984 with A.R. McIntyre BE, MIE
Aust., engineer with the SMA 1950-66.

Reminiscences written in 1972 by Mrs LR. Griffiths, resident of
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ment by W.K. Hancock, Cambridge University Press, 1972.
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The Journal of The Institution of Engineers, Australia, March
1969, Vol.41, ‘Two Decades of Engineering—The Snowy Moun-
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Interview taped in 1984 with Lady Hudson OBE, wife of SMA
Commissioner, Sir William Hudson, resident of Cooma North
1951-67.

Interview taped in 1984 with F.W. Rodwell, labourer, leading
hand, ganger, plant operator, heavy transport driver, patrol
officer, security officer with the SMA from 1955 and still em-
ployed at time of interview.

Biographical notes on Sir William Hudson prepared by colleagues
after his death in 1978. The notes were prepared to assist Sir An-
gus Paton FRS in the preparation of Hudson’s biographical
memoir for inclusion in Biographical Memoirs of Fellows of the
Royal Society, Volume 25, November 1979.

‘Management Problems in Great Constructional Projects—Top
Management in the Snowy Mountains Hydro-electric Authority', a
paper delivered to Twelfth International Congress of Scientific
Management 1960 by E.L. Merigan.

Power from Water, information pamphlet published by the Snowy
Mountains Hydro-electric Authority in 1984.

‘Snowy News’ appeared every Friday in the Cooma-Monaro Ex-
press and was written by members of the SMA’s Public Relations
staff.

Interview taped in 1984 with J.N. Yabsley, Inspector of Schools in
the Snowy Mountains area 1959-61.
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APPENDIX E -

APPLICATION TO NSW HERITAGE REGISTER, 2006

Engineers Australia

(S Monaro Country Group

ENGINEERS
AUSTRALIA

Sydney Division

30 Cciober 2006

NSW Herilage Officer
Locked Bag 5020
PARRAMATTA NSW 2124

Dear Su

LISTING ON STATE HERITAGE REGISTER
RCCK BOLTING DEVELOMENT SITE - LAMBIE GORGE COOMA

The Monaro Group of Engineers Auslralia 1s submitling the allached application for listing on he NSW
Slate Herilage Register

In our opnion, lhe lem is worhy of national recognilion  The sile represents a window nlo our
pioneering engineering praclice of rock bolling for the permanent reinforcement of underground
lunnels and caverns in hard rock  In the process of developing the rock balling practice the
engineering discipline of rock mechanics became a specialisl practice. Bolh the rock bolting praclice
and lhe sludy of rock mechanics was laken up inlernationally by beng shared through universilies,
learned socielres and via lhe lunneling achievemenls by major iniernational conslruction coniraciors

engaged with ihe Snowy Mounlains Scheme

Many personnel, all as employees of Snowy Mounlains Hydro-Elecinc Aulhority in both engineering
and scienitlic fields of experuse, conlribuled successiuily lo the full developmenl of engineernng for
rock bolting. This work lock place in the lale 1950s and early 1960s and il was a firsi lor Ausiralia and

ihe world

In response lo preliminary dalz on the sile supplied by our Mr W B Mills 1o Engineers Austraha.
Sydney Engineering Herilage Commillee, he was advised in March 2004 that they "agreed thal lhe
Rock Bolting Development Stle 1s uruique and of great importance in the hislory of engineering” We
will also be applying o seek recognition under the Australian Hislonc Engineering Plaquing Program

eslablished under Engineers Ausiralia

If you require more information relaling lo the applicalion please doe nol hesilale 1o conlact (he
Group s Sub-Commitlee Charr Mr Wally Mills on 02 6452 7321(h} or the Group's Chair Mr David Byrne

on 02 6450 1750(w)

Yours faithfully

Alan Hall, BE (Hons) MEng SC  Dawid Byrne, Bé (Civil)

Walter 8 Mills, BE
MIEAust CPEng MIEAust CPEng NPER

MIEAust CPEng NPER
Rock Bofting Hentage Sub-Commillee, Monaro Group, Sydney Division. Engineers Ausirala

Page 17
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ITEM DETAILS |
ROCK BOLTING DEVELOPMENT SITE, LAMBIE GORGE, COOMA

Other Name/s
Former Name/s

COOMA BACK CREEK, SCIENTIFIC SERVICES DIVISION, SMHEA

item type

LANDSCAPE / BUILT

(if known)
Item group
(if known})

Item category

_(if known)
Area, Group, or
Collection Name

LAMBIE GORGE

Street number

N/A

Street name

SHARP STREET

Suburbftown

Postcode | 2630

COOMA

Local Government
Area

COOMA MONARO SHIRE COUNCIL

LOT 3 OF DP 704165 SHEET 1 REGISTERED 30 OCTOBER 1984 AS ATTACHED

Property

description

Location - Lat/long | Latitude | 36°14' Longitude | 140° 07"

Location - AMG (if Zone MIN Easting | MAX Easting MIN Northing MAX Northing
no street address) 690 000 690 175 5986 750 5987 050
Owner STATE GOVERNMENT

Current use CROWN LAND DEDICATED FOR ENVIRONMENTAL PROTECTION

Former Use 1. ABORIGINAL CAMPING AREA

2. DAIRY PADDOCK
3. SCIENTIFIC EXPERIMENTS

Statement of
significance

From the mid 1950s through fo the early 1960s the Snowy Mounlains Hydro-Electric Authority
(SMHEA) was lhe [irst in the world to develop the lechnology of grouted rock bolting integrated lo the
slrength of the malerials found in underground construclion. This site was use 1o slarl the
developmen! of this engineering praclice. Rock bolting was used as a permanent mechanism for he
stabilising and reinforcement of the exposed hard-rock class of material in underground excavations.
The lechnique was shared inlernationally and very rapidly was adopted worldwide. Rock bolling
conlinues o be in use as standard praclice for safe and permanent reinforcement of exposed

excavalions.

Level of
Significance

Local [X]

Auslratian, Nalional and Slate [X)
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REFER TO ATTACHMENT 4

Builder! maker

SNOWY MOUNTAINS HYDRC-ELECTRIC AUTHORITY PERSONNEL

Physical
Description

Natural rock inlo which holes have been drilled. Bolls of various designs may be seen projecling from
some of these holes.

There are lwo main areas where Lhe rock bolting experimenlal lesls were conducted. A succession of
tesls were conducled in the area at the downstream end of lhe gorge.

Allached is a copy of the descriplive and diagrammalic signage of the rock bolling site. (2 sheets)

Physical condition
and
Archaeological
potential

The holes and boils are in excellenl condition as lhey have nol been disturbed. The broken rock and
boits from previous experiments are silt in piace.

Construction years

Start year 1956 Finish year 1962 Circa O]

Modifications and
dates

A succession of lesl faces are evident by the blasted falien rock in fronl of [he main lest area. This
was undertaken within lhe span of the test sile usage.

Further comments

The aim of the rock boll was o have the anchor hold the full elastic lensile strength of the bolt shafl.

Pull-out lesls were conducled here to cblain dala Ihat would show |he anchorage strength compared
to lhe bolt {shafl) slrength. A dozen or so rock bolls at the sile were used for grouting slrengih lests.

Many olher steps were taken in Lhe scientific laboratories of SMHEA lo make an integrated, [ully
developed rock boll reinforcement system (hat remained as a permanenl slruclure, protecled from

corrosion.
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HISTORY

Introduction

From the mid 1950s through to the early 1960s the Snowy Mountains Hydro-Electric
Authority (SMHEA) was the first in the world to develop the technology of grouted
rock bolting integrated to the strength of the materials found in underground
construction. This site was used to starl the development of this engineering
practice. Rock bolting was used as a permanent mechanism for the stabilising and
reinforcement of the exposed hard-rock class of material in underground
excavations. The technique was shared internationally and very rapidly was adopted
woridwide. Rock bolting continues to be in use as standard practice for safe and
permanent reinforcement of exposed excavations.

The Cooma Rock Boiting Development Site represents the first field location for this
integrated development of rock bolting technology in rock mechanics engineefing.
The early pre-construction site tests for in situ experimental work was in 3 rocky
gorge in Cooma, adjacent to the Authority's Scienlific Services materials testing
laboratory. This experimental site is sill as it was left some 45 years ago and is
accessible to lhe general public. 1t shows the remnants of a succession of
experiments, of a variety of bolt types, where it was the aim to prove a rock-boll
anchorage that was as strong as the bolt itself. The experimental site was part of the
overall work of fully developing the rock-bolting technology. Many people were
engaged within several engineering laboratories of the SMHEA, the civil design
office and at the underground construction sites themselves for the massive Snowy
Mountains Hydro-Electric Scheme. In addition, efficient instaliation techniques were
devised so as to maximise the effectiveness of rock bolting for all its benefits to a
project. The work in the gorge on successive occasions led to the approval for the
commercial supply for rock bolting components under a series of underground
construction contracts of the Scheme.

Permanency of the rock bolting design was crucial to its full development and
acceptance. This came from sealing the whole bolt system and by transferring the
tensile force from each bolt positioned in a pattern of rock bolts across the total span
into a lasting compression and locking force across the exposed rock face. This
aspect of the development was proven in the laboratories and refined under conlract

conditions at the construction sites.

The Cooma Rock Bolting Development Site represents a suitable location for
recognising the tolal engineering development of rock-bolting and the development
of the engineering discipline of rock mechanics as it is known today. it was a SMHEA
team efforl iead by engineering management that delivered very significant
achievements in tunnelling speeds requiarly setting new world records, very large
savings in construction costs, improved construction worker safefy and generated
enthusiasm and pride in all the project work for the Authority.
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Rock Bolting - the detailed description and justification

Hard rock type rock bolting involves drilling a hole about 30mm dia into sound rock at
the excavated face, commonly between 1.50m and 6.00m long depending on
conditions and rock structure, and inserting a device incorporating a steel rod with an
expansion unit at the embedded end, a threaded nut al the exposed end, then fuily
de-aerating by displacement with grout while the bolt is under predetermined
tension. Thus it creates zones of compression in the surrounding rock and along the
length of each bolt together with a transverse force component as well. The
expanded unil at the far end grips against the sound rock of the drilled hole, thus
forming an 'anchor' for the rod, which when tensioned against a plale at the surface,
the compressive and transverse forces lock the layer of rock against further
movement, holding it in its as-found place. But it also adds strength by providing a
pre-stressed membrane {with the profile of the excavalion) in the excavated rock
face to effectively neutraiise the internal rock forces. The use of non-shrinking grout
then enables the bolt components to transfer load 1o the adjacent rock over its whole
length, as well as provide an inhibiting environment against corrosion.

In mosl instances, rock bolting can replace the need for surface steel supports and
the accompanying over-excavalion to accommodate them and can avoid the need

for separate concrete support of underground excavations.

It has been estimated that rock bolting reduced the steel required for support, to one
eighth of that required using conventional methods. It also saved the cost of over
excavalion (and removal of the addilional excavaled rock), to accommodale
supports and/or fining. Contractual pricing at the time resulled in a 45% increase in
cost for fully concrete lined tunnels, where the rock face had light steel external
supports instead of rock bolts. Much time and labour were saved in jusi these
excavation benefits, and it was also an enhancement to tunnelling safety. This
amounted to an additional time saver in that the rock bolts were installed

simultaneously with the face drilling and face exposure.
Location of the Rock Bolting Development Site

The lot of land in which the Rock Bolting Development Site falls is Crown Land
administered by the NSW Department of Lands. It is of approximately 1.042
hectares, being Lot 3 of Deposited Plan 704165, and was registered on 30 October
1984. it was later gazetted by the NSW Parliament for environmental protection as a

public place.

The Rock Bolting Development Site itself forms only a small porlion of the ltotal area
of the Lot covering the right bank of what is generally known as Lambie Gorge,
through which Cooma Back Creek flows. It is accessed by a Public Reserve pathway
along the right bank of the stream, via the Cooma Bowling Club rinks verge, and
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through the Cooma Agricultural and Pastoral Society Showgrounds to the Park
commemorating the “Southern Cloud” airliner adjacent to the Snowy Mountains
Highway in central Cooma.

Like the whole of the land of Australia, Lambie Gorge does have evidence of the
occupation by the Aboriginal peopie up until the time of European settlement in the
1830s. The Aboriginal people’s descendants of Ngarigo Nation today, through their
Elders, want to use this Lot to share their own heritage. The artifacts found within the
Lot indicate that it was frequented by all family members for camping. There are no
monuments, no artworks, nor songs associated with the place. As a result of an
archeological inspection in 2002 by the NSW National Parks and Wildlife Service, it
was concluded also that there were no confirmed grinding grooves in the
watercourse. The recognition of the Rock Bolting Development Sile as an
engineering heritage item has been accepted in a true partnership with the Ngarigo
Nation people as an expression of reconciliation on this land. It is evidenced by the
tourist brochure produced in 2005, "Lambie Gorge Walking Track”. This was a
project of the Cooma Reconciliation Committee. Refer to the attached two sheets.

The Rock Bolting Development Site on Cooma Back Creek in Lambiie Gorge was
deliberately chosen for geological reasons. It was because of the close similarity in
mineralogical compesition to the Cooma gneiss found there to the granite found {o
exist in the known construction sites in the Snowy Mountains. These construction
sites were for two underground hydro-electric power stations, Tumut 1 and 2, and
their associated tunnels adjacent to a new construction township of Cabramurra in
what is known still as the Upper Tumut Region. Reference is made 1o this
Development Site decision in the last paragraph of Reference 1.

The other factor giving rise to the usefulness of the Rock Bolting Development Site
was that it could be regarded as the curtilage to the actual Engineering Laboratories
of Scientific Services Division of SMHEA. These laboratories were where the testing
personnel worked and with their testing apparatus, both fixed and portable. What's
more, all this land was then under the ownership of SMHEA and had been in use for
six years in connection with other experimental work associated with the
laboratories. Al this point in time, in the preparation of this document, the original
SMHEA building for Engineering Materials and the storage buildings still stand - but
possibly for not much longer. The photograph attached, shows the relationship of the
Site (near the rock abutment on right) to the laboratory seen in the centre
background. In the testing activity years, a fool bridge at the height of the flood plain
allowed for the crossing of Cooma Back Creek to the Rock Bolting Development Site

from the Laboralories.
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1. Attachment 1 - SMHEA memorandum 27 August 1956 from D G Moye, Head of Engineering,
Geology Branch, identifying the site for rock bolting experiments {2 pages).

2 Altachmenl 2 — SMHEA Engineering Conslruclion Malerials Reporl No. SM 1309. May 1962 -
Field Pull out Tesls on Sirengthened Bayliss — Jones - Bayiiss quick sel rock bolt anchorages

R T Brodie & A D Hosking (Allention paragraph 3.2) (6 pages).

3. Aftachment 3 - Journal | E. Ausl. Vol 35, No 7-8, July-August 1963 pg 129-150 ~ Grouled Rock
Bolls for Permanenl Reinforcement of Major Underground Works E B Pender, A D Hosking, R H

Mallner (23 pages).

4. Atlachment 4 - Australian Academy of Sciences. Academy Symposium 1999 Rock Mechanics
and the Snowy Scheme E T Brown (5 pages summary)

THENES

ineering innovalion and learning, gifted lo he world : rockbolting and rock mechanics

ineering innovation and learning, gified lo the world : rockbelting and rock mechanics
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APPLICATION OF CRITERIA £

The work underiaken at this sile is the genesis of lhe applied science of rock mechanics and its further
international developmeni.

The sile has a special association wilh SMHEA and through them by technical presentations and by

Historical
association the major tunnelling contraclors {o an international engineering fralernity. It inspired the whole
significance organisation to achieve excellence in the whole development of the Scheme.

SHR criteria {b)

Aesthetic A high degree of creative and laleral thinking by the personnel involved led to a quanium leap in the
significance developmenl in the science, savings in the Scheme costs, improvement in safely, the speed of
SHR criteria (c} tunnelling.

Social significance
SHR criteria (d)

Rock bolting is regarded as the mosl significant engineering development made on the Snowy
Scheme. There were fewer tunneiling accidenls from pos! excavalion rock falls, giving rise to close-
knit team work by a shift crew working months on end for approximately a (wo year span.

Technical/Research

The site gives a window to appreciale whal is concealed of the successful engineering of more than
100 km of lunnels and many huge underground caverns. Ample inspiration is available to fully

significance

SHR criteria (e) eslablish the precedence of Ihe SMHEA work and ils impact in the engineering fraternity worldwide,
The pre-SMHEA work on roof anchors from which the rock bolting developmenl came is documenled,
in pari, in lhe bibliography of Attachment 3. It is also availabie lo a large extenl in Box 30 of D G
Moye's papers, ref Doc. 9.1

Rarity This was the first pioneering sile where such aclivity was undertaken and lhere is no other similar sile

SHR criteria (f}

anywhere in the world.

Representativeness
SHR criteria {g)

The rock in Lambie Gorge is the closest representation of the rock types encountered on the Scheme
sites and were fortunalely located adjacent lhe SMHEA laboratory sile. Rock bolls in service are not
available lo view by the general public, but Lheir slory of Auslralian creativily needs to be told from (his

sile.

Integrity

The sile retains many of lhe bolts and drilled holes thal were lhe original field tests.
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(HSTINGS]

Heritage listing/s The site is included in the draft heritage list developed as part of the draft Cocma-Monaro Shire
Council Local Environment Plan

Type Author/Client Title Year | Repository
Engineers Auslralia Lambie Gorge 2006 | Monaro Group, Cooma,
Monaro Group Rock Bolting Herilage

Site, Cooma, NSW
Management Plan Cutline

Daniel George Moye Personal Paper MS5861 Nalional Library of Ausiralia
SMHBA Various National Archives of Auslralia
Professor TJD Leech Personal Paper MS4837 National Library of Auslralia

Recommendations
The site, Lambie Gorge Rock Bolting Heritage Site, Cooma, NSW, be listed on (he NSW Slate

Herilage Regisler

I Year of study

or report

hment 5 - Personnel crediled with subslanlially conlributing o the Engineering of the Rock
ig Technology and lhe engineering discipline of rock mechanics 2006.

hment 6 - Index of Reference Papers for Heritage Recognition, 2006.

ir B Mills

Hall and David Byrne
lines used? Yes X No [

Date

r B Mills, Engineers Australia, Monaro Group
4all, {Deputy Chair), Engineers Auslralia, Monaro Group
Byrne, (Chair) Engineers Australia. Monaro Group
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IMAGES - 1 per page

Piease supply images of each elevalion, lie inlerior and the setling.

Image caption Downstream end Lambie Gorge, just upslream of the lasl pool locking downstream (north).
Image year Image by Image copyright
2006 W B Mills holder W B Mills
3
el
Lambie Gorge
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Main Rock bolling experimental site - drill holes, rock boll remnanls and information boards
With viewing area in foreground
Rock from Lhe rock face is forward in lhe foreground (nol in view)

10



AN ADNABIAaY S30X3AnBNG

Yl *smqe3ag yior

CALP Sy Apuiray Aw uy Lt LLET

® o ploday 1vsubuwrad o rp PO ydutboyoyu p Ef aarindau
g juyy Lrry48a ‘foyon HINGE way g0 1943uay 401yxyiay
Pua punyaag dioypaaag TP Cravaag PAUMITY wonag ¢y

NOLLDAMIW OF av3l ONICI WO DNIEYIND DNINYYAM

vl e e ]

F]_ =] Wy =10 I Y W ) T B o | RCD) ICT) T | L ) D [ |

o Widy BLlR? el e

gy O oo

LRGN

MFra 004 Ot
Y S ] o o

Lehzdg'd &Y a0 Miavs wanagyy

bl PR TP

HaE Ny S s it st oy Ly
S e

\If\g;

DBEL ) ML b e e
Al e it dg o e e ot g .
A ey by Aiminry lemeny e My h-l
) e 14, 2 90
by P i < s
WY LT NI T4 TS 3V D)
e S T e
e abg A bl

3 MY ki et g Ao e
L R T X0V'oy »

Q00N ANOHINV [¥3g 1y
O uavR 5 soia

I3RS T N NV AW 0 s L3345 81 My
—

QBO4S3I%3IT  wrnGy
¥NO003  MSivd
VWO z.io...u ALWOIO

SNV NYSBNERS
Y003 LonLHio anv

an .

Db —0m 5e

OAVNOW -yWaag

AWIHS ! S

.
ey

[--=] @\\\
2

131N N Iuy wiiomMn
Q001 1 GHYY NGI3NGaY

.

f 921017 4 @ /7
e

1

ol

=

-

-

22 OGNy i S10v an
NOISTAIQ9NS 30 avig

A0 g g wew i

RS U1 T T2 1w gy

39 % gy, g
SFE - HTM av BV g e nading
L) MO LSO

RAET SN e LU

¥

M \ naL-a oy m\. < painulay
5 S AR o
1 491h0L & g

T} NG 380 150,

PR
1 \ Cz 13ans 33s)
M
\ s
S
2 %
(Y .
v g 53 n....wf
[
2 - T4 ) 33 AW
' » T RS
Q3 g wkgng 3
< K w by
1 A
& N E l, o
2 € !
(1.030) 2 ..b.\.\cz
- .
H 9101 e o ‘o, T G S
£2 Oy 24 + 5 o o n.::.de-
o o4 ».%y v @
e Y i 5 n?v L rl A
<% 2 U, [Genl: 5
L a0y, RSN o] +
- fe=was vaam) m.nSmmn ._MWI\!I 8 PR Ty N
Q. o r.dm._. «Ovdl m.r... 5 .2..... a“.r
Yo, Wy E LR [ o1’ T o ¥ X L3, i,
Yoy o 7 A S % gl RN ’
Cun.u.%n»n e Ly _.t-. “atag}t AN 2 .H.rhvué\s nﬁ*
- Yoty L, - 7
vy e 3w 0L B T s RS TID
AR ok“..s&o / byby — =2 g G \\
R #\m * 5
« < ) — 3 4
N ot gL=¥ T2 [ won MR o .m....\
e TR .- N W o L _
= w2 ,\B |2 81 33 78 UAIYEE G
- - Wiz BT SYMIDVIEEY Y 30 Ludiy
ﬂ. STI0Iy G31v3%3)
¥ 30 n rwmi 40 LHDIH

by P

T3V SIHL M WY IeeY O 2in0 TIAAYN wra—

S3.LON

sdivor S

He

o

z 235y Kreyoop
FLEL S P anizoay

u-bes pro-gay

FEOLORSY Bey

»

Wl

TEE" T

W BmER

v

Z:PBA/ BE10T wopz cTeW -



‘20110eld bupssuibus SPIM-DLIOM e swedaq uoos uopedydde
PuUB UbISSp By “swsyds sulejunol Amous ayy Joy bulsuuny ajes
ul buiyinsal “swdoaasp jj0q 4201 33 papinb sysa ANO-jInd, ‘ay1s siyy v

310Q X204 3Y3 JO U0ISO.110D
J0 Ajljiqissod sy sdois OS|e SIyL "suo se yooJ pue HOQ 20t ayy puoq

01 046 yum papa(ul Al33eipaww usyy ale S9|0Y 3oq o4 ‘Adusueuniad
104 ‘poddns yie umo S} Sojeald uonpoe buidwep s ‘uoneAedxs
Ue ssoie uleped e ur aye SHOQ do4 usypy o buipuno.ins CI0]
$s91dwiod 03 9)e(d 9JBLNS e Jsujebe pauoisua) Pue paloydue ‘sjoy psjjup
e ojul Appoinb papiasu Si (Bbuo) wp o dn) 3109 pou oYl ‘Bsn |enpe uj

39531 3j0q a3 se BuoJys se sem

31IS vl ug.. Id3d X2 1109 YO0y



§00Z ‘0€ 2unf vinOQOD SN | M

A0 QdVH N STINNNL % SNY3AVYD ANNOYOY¥IANN 40 1304dns A
30VId—=NI 1708400y Q3LN0¥9 WIdAL

SIULIN v OL dn HLINIT Mvyaa0 1108520y
A00Y d3S0dX3 OLNI 1HOWYIS a3TINg JI0H HLIM 1Yv]S

Y3HSYM Tvg

L1N0¥Y ININID 40
NOILJ3NNI 403 3dig)

1108 aNnoxy IvdS T4
Ol SYH 1noy9 ININID

J30V3YHL “¥OHINY

. L108%00
TI0H 031G
i 725
¥YTI00 1S 30v4 %00y
SMNYHL 03503
N3 HOVI QYIMHI M3us 1y

1708 3HL ¥o4 03sn yvg J3IN¥043Q ~

3LY4" v 4
4¥ 1100 LSNYHL 01 S3HIY Iy
L108%00Y OL G3dVi 3did LN - 3did IN3A |

AL IVINGN A ax A 1109 S50y




ATl

e wer rested o etk face an Lamhie Gz

R

Water over stone

oo
Larabie Gorge 15 2 st zentred on Cooma Badk Creek s -
small <trezm, winchoen beavy ram can Becorr what sun
peardines vould Gall an eetive exiararor — o1 raging
torrent The Gerge owes s

ot U . nnbor of
tactors The stizem 1o sapenmposcd on an anaent
rock Fiass krov - as Coome Granodesute

The ook mass. o amall plurer (w30

Viewing
squat. hlomictes - =]

f . -
Pluten. ai smal gt meeaons o tonmdd Flatform
e o muter ok unaergremnd

Farmnall e pivien does s bneak <he carnace <
Sut e tr A e G Ragher Dvens e oded L4 ; N\‘
wo o tne undeagi copend e s & N .
‘ oy e LAMBE T
caTo s Lol
“ia

Com ke pobdones ook Coesra emplo o he -

¥
¢
F
GORGE
Consmasene form ot tha ol Rueoun as gRissar Ay

foa has tha whoce oo gh

!h\ [l SARY P 14

Suoroar wclane vase of v orkshin

£ble Boded ¥,
ar At e meseT
i, .
Sener o the stk tascs (Y Rassne or mare stabde ar 3 ¢ oheient V\falklﬂg Tr ack €

Foo!
e bat 11 semae plaremis rock feundin the Gargs vou i €
netice Bincia g atte s with, cda preces o other materal inaad. <
The Buck Caeck whick cuns throsgh b oined and fractmedaeds &
Ty been abl to cur ot 3 panew gorge b chae o poal {:.
viuch contans or e niem varou: outes Pasalrs \uarty {
au i tzites and other 1o0n P,

S o thee same vrom mazenals were veed by Nieospo Starcase

prophc wlo wae custodiae o this Manesoe Lindserpe
g 100l war mrde and tsod Fore oo this land on i mee Raock Bott
Lndred vears age Yoother e Loone kas boondared s

Pool
Test Area %
wrne T OLM s age

¢
LRI RPN

- . ' P " - - - - 1, -
Clagg o BW a Ve A TR @ o Fooeofime cocr s Rlotee

Wi 130 & Rrooks TR Toe fengar Diovoron, o0 ¢

eI

.
[
-

tn

e

nformat.on
| Sign
ock Bolt

Australian Engneerng Herftage Site

¢ watked through the Lambe Gurge

R The reck bolt techrague proves 1o be a verv
id mmmedately gpatancenc of A )

e siznlicant conenbenion to the mam world
\ ' E_ ’ /
i -,
crant tine Lambue Gorge wae & band ot \ ’\ :

_— reecads for runnclhing achioved en the

1
2 eoni makgng wohnologies Oree upon

Snowy scheme. The rock rolt concept
i tatoer

a was presented m New York, m October
! 1WET ata gathermg o kading

1050 the Sreea Meuantar Hidro

.\7';\\ world engancers The success of
i Zrsigined tenstomed rtea] 1k Dot e
*a peroancnt uredogrou ad suppart ssten

this duvelopment gunerated

. rnthusiasm and prs
s -\/o L enthusiasm and prede in che

(e
sathe surcess ol the concepl dan be gang.d / S

Snowy organization. frelmgs
. T E . \ that fecame epral pare
wepriarn lhroug[‘.uu! the world an 4 wide ranae 1 o "’ | : E.:,!.UULJ e e . of sts successfl work
1 ant engmeenng Proate melang - — MEMORAL ‘ : The weckmgue enabled
satiors unde rproend /—/————- ; very signdficant savings m
COOMEA Coemz. ._." SHOWGRCUMND construceron ¢asts - b the
What you see at the site SOUTH \ reduction i the matenal
\ AREA e excanated the ehmunaton of
The testimg st has Bfry of 20 icles dniled e : r. ot ’_ steel sets 1o be used, reductron
e rock-blasted vertical face whers pullont rees - . BOWLING CLUE m the tme for construenion and
were vonducred These waie reses basieali, 1o greatly unproncd construction-
eurablish the £osr way of anchonmg the bele . , wotker safers
m the hole LAI\.]BwE "." A
he rock bolis ate mecrzedin g dengned patters o . - " : N |
;l‘.l!"d Yoles ammediazel behud a newdy exenarnd CORGE ...' ) .
soch-face They are censioned, and ther grovted o <o @ ewng Pt m ‘l
form 4 renfored rock aich = wluch results 1n 2 satc
A1 PEOTANERL A LT

AL 0: 200 $T67E Cuming 106" a5 FoLng
o Lom b Govge ste



N DA N T R TN

¥ N D] FHE L :‘unw_rn.]."[-\

[RESRTISLETS T der ay)

TR BN ad B IR IS LRTE

4 s AR TR .

FRELT AR
SE IRt WYL onaT [ SR P RsE

S lgY s J‘.‘-xf‘Jl'u_J TN 1.‘[[]-'\5‘ 1723 31 *roem MR
FRLRR R HE TR TRTH Fun awon ST o s puy < e

" b

B BSOS s PAHEMPIE M L) yae oy -

’ PPV BV P

SR WPV i roeun ey UsE
Ue 22w ST Sy oegr :'Z‘u'!) o] sy noniea
e RS TuL T "[\jnul .\\,P AR LT sp-n!'i-\l'r RIS

PN E e BITRINITY RS R TR B S4e 3 M
i

BRI

2ninl’ ] 4 : NN
WP ORI o p.m_ e u.m} My s
I IERTFIER L EEIRIT T LRCTORS. TN

1wy

ALY n

Ay g

»l ‘I.i} F e

2001 0
zatif nuv::r\.u)u'; Nool
SOU IR T s R
WY Presidy IgEneag
9B oo pouanep

EAY

ou GBnopy uouTisy
o3 uentamw wogg
st 1asg 2w sapps
,;Il'lﬂ.:.‘ -"L.‘J \q SLOOY AT AE
SAIO W: g0 NGy S33T )
chinda) o3 fup W

1] - .
R s2rod v ey g FpvL
L 4 DALY RN TRITEN]

v afuTUawopazd v
siory s seus
UOISID 9ty |

ord

sgetiton i the Rowrse s woodland conmunin;
ard Roibbor Gum a relasly naie

not highiv regasded dor then

wk Cipross P
mat:a Altheoeh
 both e can b undrecd for fenvmy fucl and some

q . T
hy oo Ol’mx t‘.}-': ot LRLUTUVER o LN o5 114 b,

wthy ares

o Ooree ey il e v e -
e ot <brab ond rallen ) lane

B red -,

ne R steramad wandes Blscktborn Shiny Casnina

weih revalled vr, s fhowe. i carh SPHng e
Io-ammen dausy bushes

wrtul displa

ot lome, sate

R U LRIV I SIVENT S I

o crl s
vrccke cuter s a o teh or Elderberes Pans,

Cooefto o el sa plane mad, Lontines

daberry of Durope fuom

Qwrerne Thiss ve el 2
ane a0d jam e mad Nevereheless the b o
fewar ko ope et Wsuabon plant nd

nedhatd o1 e from the squashed nnpe Leraae

Reg-stemmed Visite

AR

LAY ISR A3LEN
. l_'.\ a'\"-" PJI"S-‘U SEw Jl’lltﬂ A‘\.lu'\.‘
Tanitr sy g waway pum T
LW s pur .'qm‘g PG Par g
F\\}JJJ“.‘J .‘\'I.II 'r‘]HO)\\ U2Ui0an Dl.f'l dlliiPl":ll.‘..' ‘J(:
“Puog 51:1:{\‘1:1 g w '.I""ﬁ AR par seanzia dys
2t l]~ C1 RO S0 a)l‘}d L A ‘] .\?;‘.\[1.1“.1\1 e .\NF ~d
FUE S4I0UT 200 Wey waes o Peouur o Feay; Lipun
ST ATW PUR WA W pash oa. 4 «alio 3 way | dure
SHPRISR €L 80 0) st aifig T3y g asedand ey

R lrp-u;— u:i' IIDL‘]J B YT I AT dr,'r\.| 40 WL ‘;l'-ln\ pFin

R

£

S PLEENEX | Jaudr uil‘f o1 IXpaer sinde nuany o'.|: L1 ML
1 o F pruw Lataom N S s ) qeancr e a3y sk e
medmd yong 00y sasedand e 105 daeey Ty pasr
ace rofueqy AN U200y Jowd w1 uersy
AL VLG ST LIS uar o5 W) 341 kP Sus Ay

FHT s Shegl o) sura iR pur 2edordde e pry

l‘.l.:‘ F‘!‘I’J“ SJO2ERIE ﬂl:l.ltf‘\' Z’l’ll LR T BTN VI .'Ina 50 ”'l’ l('.i

9e|d 03LR3N

SFcay R

FUr PRI 10 vonraon! Sund, ) AU

Pk SR308 a3t e nsaogn - JE20] U 4G U TI080
FHEICTIUNIZ QA aen) yen; € poatasa BRSPS
HORCIMNUO2Y Fuidiaogy raioo:y S 07 O P ap st
G TR PR Enany jo saasan IP°Ls & s s Tuimey

Fauna

The woadland somnmnmy ssound Cooma, of which
Limbie Gergr forme 4 Part. 1s honu te ser SO Ipeers vl
burds. 5 frogs e cohudna and che planyus 10 munmajs, 4
thdkes, grouped within 12 spedies ol repules One of gheye
reptiles. the Lovpencded Toreouse chosen for the cengr of
this brochure ¢ of gnat sgmdio w1 the Ngarge jeonle
and e the Gorge O parrinlan e, o e s Rese bagk
Mornio:r which an b, eivecry i vadola o long darag

el ot wormer wearte

Ta.

sommumieof vees Willopege o8 5 huan

£050 ACMmrert Bt Lewnd 1 L b, G

B

vhaenwd i the e Wt g M s Heen the Geege

ard i, cdd wone waii

Noabaraters of spall memms! b, Shien mado g e
'd ran Pusts

the pres i aune but o the Fast b

have boen oen i) the Gorpr ana

Mar treds frequent the Ge 120
A 10U Ml 3¢ han by
Farrers hookabureas, crow s
sarTavoags. nnches and wigps
Yoea mughr Ik, es contnlane
te our hrowledg. of «ddht
- Larbie Geage b 1 Fornm, .
vt sighemgs o the Cooma )

ceonadation Commitiye

~10u can phone ow

nbeery woms e

lobn Guilarid Ph 0436.5277 1
Ceamarsiteas Cenine Ph 4300740

) Frypred TAPUery Yyl wey ‘L‘uyu: A2y \q

s Jraseddus sem jrm YL MY e P ureansdn
3L Jepimog U220 253 38 515 g Masaupys A'Jp Est
L T 35300 3 20 snszenyg 0 4o P gy g Ay
A1 PN 0y sadoq FAMWe ) 2y fany surd awas put
pargrie I v A g Iy 2o y. T pur 008
N A W Tomsps sey, MIR0Y pUE; 311”)\3 ‘Juamdu[map
Faaanad vey sRiuny s FUT 2 90 sepudange Ay

APrey S, 3qUY Jjar

E u.\-.cnq..*:\m\ Qi :\:‘Jo[) AGHLT puy punmgmm{s

F4L A e aaeany UIFLT 332 40 2008 3ugeand s uo
Frrnus >yyo e 2y Sy 0y Py ‘}‘:-i’-‘h 'alqu.re‘] puv
.l.‘~un|!~rult.uu3 SR vy il.i] T JT‘k'UO\,{ Sl'li w Pll—“rN
sumoot) _‘u' I 3 1YY P0G i pur zaQ)

W pange H ':‘1":]![?!]-\' J."IIJHG i aEtag nsp: LY ZERT 41
JERT U mne] dfaenbs asrnop 4t spue| umoany 10}
RUISSIIRIOTY 131184] pastrodde 993 397) sma 1qure
R P 243 jor and pasmilise NGUET o[ 1a{aams 4j1e2
ML awnoyadny | pue sy Fig 3 0 Faquasse sFnuean
@ Pry se afendury sadoad ReRns gy e o ¥
ey uns Baizenl asay IR WOL Sy 511 o
YIOeTy = £7g] Ut siiag pue SR W - cdeuagay o jo
SPuvpeea® uado ausuovs a0 Funuf e I ‘.."iumn";:v_.;

SWeu uesdoung

Lambie

A Project of the Corm,

Reconcdiztion Committe,

&

The Menara Ngarrqo Larsbee Gegs,
Kestoranon Cammarr o

Fmanced b the NsU St

Crovernmeny Ern wensearal Try o



]

SM 1309

S.M. 1309

Atachment 2.

§ I




e e — .

b

N FIELD PULL.QUT TESTS OX SIRENRG THERED
BAYLISS-JOUES<BAYLISS QUICE-SET NOCK BOLT ANCHORAGES

L4

A
CO640113271

i

Frepared byt R.T, Brodie

lieviewed byt 4A,D, Neocking

Lo ' HAY 1962



1. INTRODUCTION

Pellowing a raquest by the Resident Engineer Contrnot 20,045
on 12th April 1962 to carry out fiald pull gut teats on Bqlina-Jone,_Bqn..
Quiok-Set Anchorages, teate wore carried out and cotablished that the
anchorages were produced from low streagth stsel {ref, 1).

Subssquent anohorages produced frow steel with 60,000 ang 80,000
1b/sq,1n. yield strceses wers submitted for temting et Naterisle Branep
Solentifie Services by the suppliers, Kills Senffold Divieien, of C K. §.
(Lycaght) Pty.Ltd. Two members of the Company's staff ware present during

the testa,

2. CONCLUSIONS

2.1 The 60,000 1b/on.in. yield strems sochorage developed the bolt
strength, 21,5 tons, in £ 4546 ma diameter hole, However thrusting of
the bolt inte the haole was difficult because of the atrong nature of the
spring clip, It vas almo neosssary to provide a thrust collar below the
quiek gat apring %o prevent its movement a&long the deformed shank of the

bolt during insertion,

2.2 The 60,000 J.b/sq..tn. yYield etress anchoraze failed at 14 tong
in & {7-48 mn diamster hole by pulling the eons through the expanzion shall,
Tho bolt dropped eanily into the hole but satiing of the anchorage wax
dependent upon hole surface roughnews or roek joints interseeting the hole,

2.3 The 80,000 1b/eq.1n. yield strese anchorage developad the bolt
strength, 21.5 tone, in & 47-48 mm dismster boles. There were similar
setting troubles to thore experienced using the 60,000 1b/eq.in, yiold
stress anchornges especixlly vhen no thrust oollar van used belew the quiok

sot spring,

3. MATERIALS
3.1 The Bsylirw-Jonen-Bayliss Quick-Bet enchoreges &nd the one ingh

dismetcr hollow gorct deformed shank Willians rock bolts were supplied by
Eillg Seeffold Division of G K HeeLymaght Pty Ltd,

3.2 The teatn wsre earried out in an outerop of Cooma Gnelsa bohind
the Keterials Branoh, Seiemtifie Bervices in Cooma Beck Creek. The helag
had besn drilled using 44 mad 46 sm drill bits, bevever, dus to iomutficient
sir precsure wher drilling, the top pert of the hole was dictorted making 14
imporsible to mesyure mocurstely the true dimmcter of the hole ot the poing

vhers the anchorage wes temsted.

3.3 The boltc vere pulled out using & 30 ton centre¢ hole Juok, mnd
a8ll movemonts were measured using 0,001 im. dial Ebuge.

4. METHODS
4.1 The enchorage was sorewed on the bolt t111 the corrugated

surfaces of the expansion shell were parallal, The bolt and anchorage
Bpsonbly wns then inssrted ip the dri)l hole and then at the appropriate
depth, in this ecose 15 in,, jerked towards the mouth of the hole thua
cbtaining a =zet, The bearing plate, tapered vashers, jack, washers and nut
warc than placed on the bolt,. The nut wvas then subjeated to & terque of

250 ft, 1b,

4.2 Strain gauges were placed to read Rovenenta of the anvhorage and
changes in the length of the bols,

4.5 The jaok was loaded #lowly until the bolt failed, The diel

;Bugee reedings vers read until failure seemad imminent,



Sel

Tert Ko, A.

The mnchorsge wag of the
Titted with n thruat collar

Teble Ko, 2

24

5. REsyLTs

The hole wag drille
60,000 1b/gq,1n,
belov the guisk-met spring.

d with a 44
Yield gtroas

oo drill bit,
group ond wp .

Load Anchorage Movement Exteusion of Rolt
Tone in, in,. 4

8 000 -000 00
10 =003 « 008 +05
12 014 «014 «09
12,5 +096 047 + 31
13.5 +164 2166 1.1}
15,5 - - -
17.0 - - -
19,0 - - -
20,0 - - -
20,5 thread stripped - ] - |

Tracture cceurred by the

bovement of the top of the bolt of 2
ueod on production units
vere not supplied by G

5.2 Iort ¥e, B,

The wachorage was of the
pupplied with a thrupt collar,
of threads in the non production

and veres infarior in
OK.N. Lymht Pty.lltd‘

The hele wus drilled with ¢
60,000 1b/wq.in. yield stre
A ¢one repleced the
nuts vhich were the

mut thrend gtri
The nu

Fring after a totel
tz were not or t

moveral respects,

44 mm drill bvit,

E8 gTOuUp &mnd wasg

nut to prevent etripping
caly cmeg aveiloble,

Tgble No, 2
lord Anchorsge Movemant Extencion of Bolt
Tong A in. in. %

o 0 +000 «000 +00

«019 047 +31

037 058 «30

10 -073 «068 + 45

12 +15% »C79 =53

13.5 + 264 +10¢ =69

15.5 « 524 .118 =79

17 «358 292 1.95
19 - - -
15 - - -
19.5 - - -
2040 - - -
21,5 - - -
22 bolt broke - -

Fracture caourred by the bolt breeking in the thresded length
ofter totel movement of the top of the bolt of «2 in,



5.3

3¢

JTepnt Ro. C.

The hole wes drilled with 2 44 mm drill bi t.

The encherzge wan of the GO,000 lb/lq.in. Yicld stress group and wegp

supplied with @ thruzt ocollar,

ptripping of threcdn,

A cone replaced the nut teo provent

Ipbly Ho, 3
Loed Anchorage Kovement hxtencion of Dolt
Tons in. in. 1
0 + 000 2000 «00
5e5 034 026 «17
8 »052 «935 » 25
10 «068 042 28
12 <084 +048 32
13,5 +140 060 « 40
15,5 «224 +O0BE 7
17.0 «346 «238 1,59
19.¢C - - -
20,0 - - -
20.5 - - -
21.5 - - -
22.5 - - -
23.5 bolt broke - -

5¢4

Frooture ocourred by the bolt bdreaking in the thrended length
efter & toinl movement of the top of Lhe bolt of 2.4 1inm.

Tect Koo .

The hole vor 4rilled with & 46 Em dr{ll bit.

The anchorsge wac of the 60,000 lb/cq.in. Yioléd ssress group and was with-

out 8 thrust collear.

A cone roplaoed tho nut to prevent stripping of the

thrende.

Table fla
Loed Anchorage Kowement Extencion of Balt
Tons in. in, ; 4
0 » 000 +000 +00
5 <028 .070 o 47
8 »030 082 «55
10 <0357 »095 =63
12 056 «104 69
13,5 «159 «120 « 60
15.5 «369 2142 «94
16,0 - - -
17,0 - - -
18,0 2.30 «T0 4.7

Anchorage feiled

The anchorage failed by the eome pulling through the phell after

a total movement of the top of the bolt of 3.0 im,
uensurement of the oone before mnd after test were 99,5 mm and %4.0 mm

rospectively.,

The maximum diewmetrical



4.

The remminm of the anchorage were Temoved from the hole =nd
nurerous Ritempts were made to 26t a seoond anchormge in the same he e,
Theee &ll failed and ge anohorago ocould be obisinad,

5.5 T Fg, B The hole was drilled with a 4¢ mm drill big,
The anchorage wms of the 80,000 1b/8q.1n, yicld strese group and wam wignout
& thrust collar, & eone replsced the nut to provent stripping of the
threads, There wag & movement of the gomplete bolt end anshor EESembly
of 1.5 in. before & set ¥ae obizined,

Tahlc Ho, 5

Lozd 4nohorage Movement + Extension of Bolt
Tons in,
15 25
17 +25
19 ]
21.5 1,0
19 2.0
22,5 2.5
bolt broke

Fallure oocqurred by ths bolt breaking in the threaded length
after o total movement of the top of the bolt of 2,5 {p,

6.  vIsCuUSsTON

6.1 The trus diamgter of the holeg in tvhich the &nohorager vere
Placed can be taken ss “The drill bit ddemater + 3 or 2 mpm",

6,2 Throet bearings were not elways Becescary uring doformed boltg
in the large bolec, howvever it was noticed in ope OBge, In & hole drilled
with & 46 mw bit, that the oomplett gpring had Roved up over the bolt

deformtions,

6.3 The anchorage failure, with the 80,00C 1b/nq.4n, yield ztrecs
anghor in the 46 xm dril} bit hole, was eameod Bainly through large plestic
flov developing in the oong, A largor load eculd hove been realised if
8 eone, mads from 80,000 1b/mq.dn, ydeld etress materis), end an expengion
shell, irom 0,000 lb/sq.in. vleld stroay waterial, hag been eumbined and

used,
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Grouted Rock Bolts for Permanent Support of Major Underground Works

By E. B. PenpER, M.E,, B.A.
{Associate Member)

A. D Hosking, BE, D.1.C, F.G.S.
(Assactate Member)

Swumary.—For sume y
during construcuon.
The paper tevigws. with part
nices and preceduics of instaliatie
grouted deformed shank bolts are now standard
having varicus types of shank treatment are given.

1.—Introduction.

Although rock bolts have been used for roof support in mining
practice for a considerable ume (Ref. 1), they did not come into
general use in civl engineering underground work until the con-
struction of the Keyhole Diversion Tunnel in Wyoming in 1950.
The East Delaware Aqueduct for the New York water supply was
constructed 1 19501952 using rock bolis as support over 12 miles
of tunnel of 11 fr. 4 in. dia. driven through flat bedded shales and
sandstones. In the Kemano Power Station in British Columbia,
rock balts were used for the temporary support of the roof of the
machine hall which was 700 [1. long, B3 fr. wide and 120 fi. high,
excavated in hard granite. In France, the large underground
power stations of Randens and Serre-Poncon were also constructed
using rock bolls as temporary support.

In the Snowy Mountains, some rock bolts were used in the
Guthega Project (excavaied 1952-54), but the first major use of rock
bolts in the Authoniry’s works was in Tumur | Power Stanon
(excavated 1956-57).

The volume of the permanent underground excavations com-
pleted on the Snewy Mountains Scheme up to October, 1962 was
approximately 1,500,000 cu. yd. Included in this total were 50
miles of major wnnels and four large chambers for machine halls

Fig. 1.—Grouted Rock Bolt Support of Tumut 2 Machine Hall Roof where
5,220 Bolts were Instalied,

, No. 1726, was presented befere the Enginecring Conference, 1963,
'29th April te Ard May, 1963

the semer author, in Semor Exccutve En
leeunc Authority. M: Hosking 18 an Executrve Engineer of Suentific
at Authonity engaged on soud and rock mechanics and Mr. Maitner
Dhwv.sion engaged on supervision of tnnelling opera-
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13 a0 Engineer ef e Major Conltracts
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guneer, Civil Engineeting, Snowy
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and
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{Associate Member)*

ears, rock bolts have been used on a iarge scale by the Snowy Mountains Authorit
: y for support of underground
Since 1558, they have been used [0 &N INCIeasing eXLent as pErmanént Support P & excavauons

1cular regard to the new works commenced 1n 19

n under condinons of repid tunne| excavation.
: the structural edvantages of these are described.  The resulis of “ pull.our ™ and other tests on bolis

61 and 1962, recent developments 1n rock bolt design, and in the
Where the bolt 55 1o be part of the perrnanent sock support syft:i;-,

and transformer halls. Fig. 1 shows one of these during excava-

tion.
Approximately two-thirds of this volume was excavated using

rock bolts as the primary support, and on a substantal proporti
of the works the rock bolts were grouted and used a? tlfcmc::?];
permanent SUppOIt over large areas. A rtoial of 97,221 bolts had
been installed up to November, 1962, of which 57,850 were groi
Tables I and II set out some details of these works,

2.—Theory of Rock Bolt Support.

2. (a) General:

Support of rock by bolis is fundamentally an entirely different
process f1om support by steel or timber sets.  Conventional methods
of designing steel or imber sets, il design calculations are attempred
ar all, assume thal a ccrrain volume of rock acts as a dead Joad.

l'\
N
~ Boussitesq type

A -_.,/)\/ distr byl .ol cong
N

o .

(1} Foch adiocert bett

sets yp £ doutle ended v g 7 [
<ong of LOMPrTssion s —

i the rock ' 7‘-7—-—-.17 \l

4 'L?A_

LT 777 A 1

'm' - V

Digorammatic L7 '

e —‘__z‘ﬂ!g@ ‘

Only "FALIT 7 —

—_

() The cortinyed exslence of the
‘ting” ol Light regh 1 dependent
on the contisued enisience of the
Iood olong the full ltngih ol
Lhe boly

(2) Thepressure cones
overigp Lo form o'eng' af
compressed ard sirengihened
rock,

Fig. 2.—Action of Rock Boits on the Rock around an Excavanon.
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TABLE 1.

Major Tunnels.

| , Construction support Permanent support
Length
' Exeavauon ofg ' Percentage af lengih Number Perceniage of length Nun}bcr Date
fp— s1ee tunntl of — o
Tunias ‘ e ?“) ‘ Un- | Steel rock- Ne Grouted | Conerere | grovteg | SOMPletd
! supperted | Rockbalrs seLs bolts support | rockbolis lining rackbolts
| | | !
Eocumberie. 24 1. 72,410 g2 r lsolated 18 Few 7 — 29 Neme [“auozeer
Tumut Carcular only , only 1957
Tumut 1 e 24 1 5,217 75 Isolated 25 Few —_ — 100 None ]uly
hégfél Crrcular ’ only only 1936
01 Te. | 25 6. 3,149 ] 51 48 7,815 ) 44 55 3200 | June
Tumut [ "Ly 28 n ' 1958
Horseshor
Tumutz Pre. | 23 1t 15,405 65 22 13 6,818 — — 100 Nont | pgaren
sulc Corcular 1960
Tumut 2 Tal | 23 1L 20,049 31 23 46 10,083 — - 100 None March
water Circular 1961
Tooma- 13 f1 51n. 46,603 68 17 15 10,737 LY 17 22 9,069 February
Tumal Horseshoe 1560
Murrum- 11 ft. 101n 54,617 47 40 i3 20,269 47 35 18 19,303 May
bidgee- Hcrseshoe 1960
Euvcumbene |

in igneous rock, the jont
Yeperding on the lay of the straa or, in igne s
> 'sfem, thie mass of rock assumed as the design load may have

various shapes [Refl. 2). N
The fact that rock bolting provides a posiuve force on the
rock and provides a stressed membrane distinguishes it from sre%]
or umber support and from the practice of grouting unstresse
anchor bars. . o
While rock bolting can be used merely to pin back individual
rocks, the term now generally refers to the designed use of gol_ts
to develop jointed rock inte & structural entity. When use in
appropriate parterns, the bolts create a principal compressive
stress normal to the free surface of the excavation, and this, in
turn, creates 2 zone of rock which acts as a srrucn_xrra} membgane
capable of providing 1ts own support (Fig. 2). This has e;n
demorstrated both photo-elasnicaliy and by models (Rc.fs. 3, 4, .J'
In the case of tn-sirw jointed rock, each block occupies a cavity
of its own size and shape, except to the extent that the joints are
open. Expenments have shown that bolts can in fact suppori
rock masses which are in a2 much more d:scom'muous condition,
such as masscs of aggregate, provided that there is proper relation-
ship berween the length and spacing of bolis and the aggregate
size. 'Wire mesh or other suppiementary support is then required

particles from the shallow lension zones

only to preveni the fall of
lustrates application of this principle

berween the bolis. Fig. 3
to jointed rock.

An underground excavation where rock boling was success-
fully used as support for materia) in an advanced stage of chemical
disinzegration is described by Rabcewicz (Ref. 6). Rock boliing
on the Spowy Scheme has not been extended Lo such limits, Apart
from reasons of prudence, there s an economic limit 10 the usge
of rock bolts in soft materials, Anchars have to be larger, which
means more costly drill holes and the use of more auxihary suppori-
ing material berween the balis, )

The theory and practices of rock belung in igneous and mera-
morphic * hard  rocks, such as those of the Snowy Mountains,
are different in many ways from those applied in coal mines and
other works in which the dominant geological feature s bedding
at angles near the horizontal (Ref, 1) The engineering charac-
teristics of the rock masses to which this paper applies are set pui
in Table 111 as Classes 3, 4 and 5,

2. (b) General Theoretical Considerations :

Theoretical analyses of the stress Situation around an excava-
tion supported by rock belts has been developed principally by
French authors {Refs. 7 and B). The Mohr circle and its later

TABLE II,
Other Major Excavations,
Construction support Permanent support
e RE Dimensions No. of Steel Ne of rock- Concrere Date
Excavauon ' rockbclis sels bolts groured laning | completed
; ft. lo roof 2,194 Light arch steel None Arch ribs May 1656
Tumut | Machine Hall 33? ft w,légc ’ supports and posls
105 ft high walls 1,122 861
f 1,366 None Arch nb May 1950
Tumaut 1 Trangformer Halu ]%’ {: L?::igc reo [“ reh ks 2y
44 ft high walls 123 83
. 20 fr. lo roof 2,553 Heavy stee! sup- 2,553 Arch ribs Nov. 196}
Tumut 2 Machine Hall 35? f: m’;gc poris—six only '
110 ft. high walls 3,220 3,220
r 1,212 1,212 Arch nibs Nov 1951
Tumut 2 Transformer Hall l:g 2 L?S:Igc roo s s ’
47 ft. high walls 274 274
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3 —Use of Rock Bolts and Wire Mesh in Class 2 Rock in the Shafr of

Fig.
% Murrumbidgee-Eucumbene Conirol Structure.

claborations are applied 1o determine the general narure of the
stresses in the rock around the excavation. Terzaghi and Richart
(Ref. 9) and others (Refl. 10) have also made significant contribu-
tions 10 rock stress theory. The scope of this paper does not allow
of more than a short survey of the rock mechanics factors In
rock bolting and the citing of references which are complementary

o this paper.

There are two gaps between purely theoretical results and

the acrual situation in rock excavauons:

(1) the formulae of the theory of eiasticity refer to homcgcneous:
1sotropic bodies, whereas rock as met with mn construction vsuzlly
has d:ficrcnt properties according 1o the stress fields imposed,
and usually rhe jointe are sufficiently well developed 1o make 1
fundsmentaily a disconunuouws body ;

(n) any stress distribunion calculations must start from knowledge
of or astumpuons concerning the sIresses already exisung 1m
the rock before excavation,  There 1s the stress due o the woght
of the rock and soif above, and, accompanying that, a comugate
horizontal siress. These siresses, however, may be guie over-
shadowed in magnitude by siresses due 1o quographlcal or
iectonic condilions which generally give nise to Figher horizontal
strasses than theory would suggest, Means cxist for measunng
these stresses and numerpus measurements were made in the
Upper Tumut Works (Rels 13, 12, 13). In the absence nl‘"
sueh measurements, Heim's hypothesis of 2 hydrostauc stress
condrifon is often assumed [or deep excavalons. However,
1t 3e dificult o predict siress cendinions, parucularly horizontal
stresses, and field stress measuremenis should be made for all

impertant excavalons.

In that zone of the rock mass which is immediately adjacent
10 an openng made by blasting, a third factor operates. Joints
open up and the capacity of the rock to sustain stress may be much
below that of the same rock in an undisturbed condition. Fig. 4
chows the theoretical siress disiribution in a homogeneous 150-
rropic body which, before the excavation of the opening, was undci-_
hydrostatic stress conditions. Fig. 5 shows the medificanon 1
therc is a zone of Joosened material around the opening.

In an excavation, some of the loosened rock is rcmoved but
most of 1t remains; the peneral objective o_f rqck boliing 15 10
reinforce this remainder and at the same tme bind it to the relatively

unaffected rock behind.

2. (c) Behaviour of Masses of _]o:'.nted Rock : ‘
Joint patterns and weaknesses dominate the rock behaviour
in cxcavations (Ref. 14). The strength of the rock, as found by
laboratory tests on sound blocks, is not necessarily an indication
of the behaviour of jointed rock i sicw. Such test results are
relevant only in cases where there is concern with the capacity
of an individual black 10 carry local concentrations of stress. The
only type of laboratory test which couid be of value in assessing

TABLE 111,

a

Rock Classification and Support Practice.

Characlerisucs

Rock | Rock

class |condiucn
1

5 Excel-
len:

55 | Excel-
lent
(but
highly
stres-
sed)

4 Goed

3 Very
[a1r

2 Fair

1 TPoor

0 Very
poor

Sound, compact, wsvaily dry rock.
etither umpjomnted or with tightly
closed, strongly cemented joints.
Tende 1o break across the rock nself
on excavauon, rather than along
joint planes, hence the traces of blast
holes usually remain.

As above, but ** spalling *' or ** pop-
pimg " occurs.

Hard rock generally dry with tightly
closed, weakly cemented joints;
some slightly open joints with warter
setpages or Hows may occur.  May
confain some narrow sheared of
crushed zones. Tends to break
along the weakly cemented joints on
excavalion, rather than across the
rock itself. The pereentage break-
age along joint planes in any par-
ticular case largely depends upcon
the orientanon ¢f the excavatien
surfaces in relation to the main joint
directions.

Mainly hard rock, but considerably
loosened by the opening up of week-
ly cemented joints on excavaton, or
due to the presence of slightly open
joints, or narrow sheared or crushed
zones, May be dry but usually
wet.  Tends 1o break entirely along
joint plane: on excavation, regard-
less of the orientation of excavation
surfaces in relation 1o the joint
planes.

Partly hard rock but usually con-
taimng more than 10 per cent of
soft material classifiable as soul, 1.2,
crushed zones, Joosely jointed
sheared zones or highly 10 com-
pleicly altered zones.

Consists of more than 50 per cent
soft material classtfiable as soil, 1 ¢,
crushed zones, loosely  jointed
sheared zones or highly 10 com.
pletely altered zones. Can be ex-
cavated without the use of ex.
plosives. Exerts pressure on sup-
ports.

Consists enurely of solt marenal
classifiable as sml, usually crushed
or completely altered rock.  Exerts
pressure on top and sides of sup-
poris. Includes squeezing and
swelling ground,

Typical supparnt
ustd on works of
the Snowy Moun.

¢ laing Aythorny

—_—
\f

No SUpport, ex-
cepr in Jarge cx-
Civatjons suchas

POWer  siations.

Not as yet en-
countered on
these works.

Mamly unsup-
ported or with
few rock belis to
pin shoulders,
il orientation of
txcavation js ad-
verse in relation
10 main joini-
mg.  Generally
less  than one
belt per linear
fooef 2r -
lunnel,

Light steel sets or
" completely ™
supported in
roof by rock
bolts, occasion-
allysupplement-
ed by steel chan-
nels and ware
mesh,  Usually
2 10 3 belis per
Iimear ft. of 20
1. dia. wannel.

Gencrally  heavy
steel sers in fun-
nels and hght
sieel seis, orrock
bolts, with mesh

in shafis,
Generally heavy
steel sets with

close timbering
m both tunnels

and shafts. In-
vert struts ne.
casionally
quired in
nels.

Heavy steel seis
at close spacing
in both tunnéls
and shatts. 1n-
verr struts  re-
quired 1 tun-
nel. Timber or
steel spiling re-
quired, ila
drifis and other
special  tunnel-
ling techmigues
possibly re-
quired,

behaviour of a rock mass would be one obrained from a specimen
of such size that the joint spacing was negligible in comparison.
Where the joint spacing is of the order of 2 in., tests on a 36-in.
by 12-in. dia, cylinder would probably be of value. In this case,



wRvL L LD KUK BOLTS- Dender, Hoking & Matiner,

[

5 of radius of open k]

i

|
|

e~ lre ar oren g - Myttt

aod.o! stress

stonce from

Rodial 6nd tongeriar
SUTIses 0 0 myltiple o
Sress oo the stressiigld

z [
Podc! ong longernigi
FICLes o O mullplE of

e a0 vhe gtressttd

Slr's,

slress

]

1he triaxial compression test on soils could well be imiated, although
be high.
the c'?'shrewg:r]cimatioﬁ properties ‘of a rock_ mass, and the extent
10 which 1t 15 non-elastc qnpi anusotropic, is basically determined
by the mobility of the individual blocks which together make Ep
the mass. Any open jointed rock mass underground_ s usua }3];
1 two-phase system of rock particles and water—a condition whic
ymotes mobiliry. Measurements of any kind on rock masses
..eld data with a wide scatter and any individua) observations have
: with caution. o
* b%;ig?;f;grtan: fearure in connection with rock bolting is that
the quality of the rock bolt support achieved is Irclqted KI,_I (h?
prompiness with which bolung is carried out after blasting. Unu
the rock either collapses or reaches equilibrium, movements occuf
which are progressive in one case and decreasing 'é{ndm% other :
the more gquickly a posiuve restraining force is provided, the more
the rock can contribute to its own support (Ref. ]5).

A characteristic property of jointed rock 1s creep under_rcpe~
utien of load cycles (Fig. ). A considerable amount of {;—szru
measurement of these propertics was carried out on the ﬁpedr
Tumut works (Ref. 12). Creep occurs if the rock is m}t bolte
until some time afier excavation, or if tension on the bolts is re-

leased for a rime.

. {(d) The Advantages of Rock Bolting: o
’ (T)he principal structural advantage of rock bolting is that
it applies a positive force 10 the rock. Steel sets, on the other

Fig.

2 2 4 1
Lestonce frem cenlie of Chening=multiples ¢f radigs ¢! Crering

4.—Tkeoretical Strestes around a Circudar Cperang 11 an Elashe Body
subjected 10 Equal Honzomol ard ertcal Compressive Forees

hand, cannort exert ful) restzaining force on the rock unul the rock
has already moved, €xepl 10 the extent thar lageing has been
wedged tightly between the sets and the rock. The result is thar
the sets wlumately have 1o Support a greater weight of rock than
should have been necessary,

The principal practical advantage of rock bolting is that it
can be carried out simultaneously with face drilling and other
routine work, whereas the insrallation of steel scts. because of their
size and awkwardness, disrupts all routine activitics,

The use of rock bels as an alternative to light stee] sers avoids
the enjargement of the runne) section and, in marginal ground,
the possible increased difficulries of support. Rock bolts can also

a full set must always be
at only one point on the

used,
used, even though SUpport 15 required
periphery (Fig. 7).

Rock cenditions usually change with some degree of gradua-
tion. Rock bolts provide 3 convenient means of rransition—no
support, occasional belts, full bt patterns and, finally, steel sets,
and then out again through the reverse sequence,

During construction of wide underground excavations, rock
bolts allow better lighting, access and ventilation than would be
the case if they were Supperted by stee) of beam and post design.
Moreover, the readiness with which the effectiveness of the bolt
can be checked has a safery morale valye,

Lang (Ref. 3) estimated thar the quantity of beam and post
Support which would have beeg required in Tumut 1 Machine
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Hall roof would have been eight times the weight of steel used in
rock bolts and that the cost would have been five times as much.

In wnnels which are 10 be concrete-lined only in those sec-
tions where rock conditions make it necessary (*' partially lined
tunnels ™), the amount of lining required is considerably less where
rock boltmg is used than where only steel sets are used. Any
secrion where sieel sets have been placed is, in Snowy Mountains
Authority's practice, always concrete-lined because of the need to
make the support permanent. In a rock-bolied section, steel
mesh and pneumatically applied mortar may be used in place
of concrete. Because a major part of the cost of concrere lining
is the cost of setting up forms, a minimum length of hining of
30 fi. is adopted. When rock bolts and pneumatically applied
mortar are used small areas of weakness may be protected Jocally.

Il it is decided to concrete-line a rock-bolied section the
amount of concrete required is less than if the section had been
enlarged to take sets. For a 21 ft. dia. runnel, the amount of
*pay " concrete per foot with rock balts and with steel sets is rypic-
ally 2.8 cu. yd. and 3.9 cu. yd. respecuively.

The eflect of rock bolting on costs may be illustrated by com-
paring the toral costs per foor of roc}«-bohed secrions and steel-
supported sections, firstly in fully lined rtunnels and secondly

in nominally unlined tunnels.

4 5

Distonce from conirr ) pperangemultpig? ©f rodius At opeiing

‘_
LEd
o

Zone cf disronningities

5.—The Effect of the Zone of Loosened Material around a Cirenfar
Opemng 1 an LEizcsne Body on the Thegrencal Stress Disirabunon.

In fully lined runnels the effect of using light steel set support
in lieu of rock bolts is o increase the total cost per loot by some
45 per cent.  In nominally unlined tunnels the difference 15 even
more marked. The eflect of using light steel set support in liey
of rock bolrs is to increase the total cost per foor by 100 per cent,
largely due 10 the cost of protecung the sieel sets with concrete.
The fact that rock bolis and light cladding can be restricted to the
areas where Lhey are actually needed, results in further savings.

3.—General Considerations Governing Rock Bolt
Practice in the Works of the Snowy
Mountains Authority.

j. (a) Classification of Hard Rock by Condition with

Regard to Behaviour in Excavation :

The term “ rock condition” is used to describe the state of
a rock mass, together with any joints, sheared zones, crushed
zoncs, or altered zones which accur in i,

The classification used by the enpineering geologists of the
Snowy Mountains Authority, set out in Table I1I, is for hard rocks
and is based on rock cendrtions, substantially withour regard ro
petrological classification,
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Definrtions of some of the geological erms used in this Table
are given in Fig. 14.

Rock bolting is carried out wherever the joints or other narural
discontinuities are open {as indicated for instance by limonite
staining), or are lined with clay, or are smooth and uncemented.
Other factors taken into account are the orientation of joints or
disconunuities in relation to the runnel line and the spacing between

them.

3. (b) Length end Spacing of Bolts:
The faciors which determine the Jength and spacing of bolts

are ;
(1) the esumated depth of the loosened zone,

{(n) the jomt spacing, and orieniation, and
(m) the diameter of the tunnel or the wadth of the excavation.

Practice in Europe is to compute, from measured or estimated
. operties of the rock, a unit pressure in ons per sq. {1, required
10 be applied 1o the exposed surface of the rock in order to hold
it in place (Refs. 7, 8), and ro adopt bolt spacings which give this
unit pressure. It is beheved that this method applies primarily
where the rock is soft or in an advanced stage of disintegration.
In the Snowy Mountains the individual blocks of rock are normally
hard and the rock bolting pattern is based on joints and weaknesses,
mostly without any particular anention to support pressures,

The following working rules have been set up from experience

with the rock so far met with in the Snowy Mountains Area.—

1 The ratic of balt length 10 bolt spacing should be not less than 2.
This is 10 ensure that overlap of zones of pressure between ad-
jacent belts is sufficient to create a zone of approximately uniform
compression with 2 thickness equal 1o zbout one-third of the bolr
length {Fig. B).

2. The length of the bolt should be not less than three times the width
af the jornt blocks.

This 15 to ensure that the anchorage takes place in blocks not
less than two layers behind the surface, although four blocks
behind would be preferable. For the average granite of the

Fig,

PPRE

Snowy Mountans, 1his cneenon resulls an a minumum bolt

length of 8 fi.

3, Practice on Snt‘.wv)r Mounisins works js Lo anm at a bolt spacing and
tension sufficient 10 cresse a compression of 10 1b./5q. in. 1n the
zone of uniform compression. S

4. In large excavations the rock b i
[ . olts shauld be Jonger th
£Xcaveuons in the same conditions. ger than o small

e

7.—Rock Bolt and Steel Ser Suppors in Class 3 Rock in Tumut 2 Tail-

water Tupmel.
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I'heory supgests that the depth ol the zone which should be put
under compresston 1s a funcnion of the sunnel radius.
In smali wnnels long Lolts are difficult te handle. Practice in
the Snowy Moumains Area can, in general, be expressed by the

formula :
L = 6+ 0.00457

where L Jength of belion feer

S = span of opening m fect

B rock beoits b
iong spoced 411

largth 2

fave oeie
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of Rock Bolt Length-Spacing Ratio on the Depth of the

i B —The Effect
Py B e e O or the Case of 6 20 dia., Tunnel and 8-4i. Bolts,

Srengthened Zonc

3. (¢} Stressing the Bolt-—The Torque-Tension Relation-
ship:
The aim is to stress the bolt to a predetermined tension. If
the process by which this is done involves the simulraneous develop-
ment of torsion or bending steesses on the bolt, the permissible

applied tension is reduced.

In almost all types of bolt, the Joad is applied by rotation of
the nut against the bearing plate assem!:ly, usuall_y by means of
an impact wrench. This imposes torsion and, in some cases,
bending stresses on the bolr in addition to the tensile stress, Un-
Jess a special test is made on if, the suress conditions in any par-
ticuler bolt are unknown excepr in so far as they can be approxi-
mately deduced from the known applied rtorque. Much of this
torque is, however, absorbed in friction at the surface of the bearing
plate assembly. The remainder of the torque reaches the threads

7

and sets up in the bolt tension duc 1o the actiop of the threads and
torsion due to thread friction. Bending stress due 10 mijsalign-
ment and uneven bearing may also be present.

In earlier work (Refl. 3) an empirical relatienship  herween
applied torque and tension was obtained in the form:

T = kBd

T 15 the rerque applicd in the nutn lb. 1.,
B is the belt tension in b,

d is the nominal belt d:ameter in inches, and
k 15 4 consianl.

Test results for one-inch boles indicated an average value
for & of 0.0166.

A further investigation in 1959 was direcied w0 detajled de-
termination of the coefficient of friction of the nut on the boit
thread, of the nut on the washer, and of the combined stress con-
ditions in the bolt shank of both ! 1n. and § in, diz. bolts. The
theorencal relationship berween torgue, tension, bolt dimensions
and thread friction is:

where

o p+ unD
2 cos ¢{nD — up)

T is the nett torque applied to the threads n b ft,

p is the thread pitch in inches,

¢ 15 the thread semi-angle,

p 15 the coefficient of thread fricnon,

Djs the mean thread diameter, and

B is the bolt tension in 1b.

The tests were performed in a8 50-ton universal testing machi
Torque was applied to the nut with a calibrated wrench and 1
tensile load induced in the bolt was measured by the testing ma-
chine. The shear and tensile strains were measured optically.

There was a wide range in the values obtained for g, especially
al low torques. Within the range of 150 to 350 Jb. fi. for I-in.
balts and 100 10 250 lb. ft. for }-in. belts, 4 tended 10 0.16 10
0.18 when lubrication was adequate. As lorgue was Increased,
all initially low values rose towards this range and all wnntially high
values fell for both [-in, and §-in. bolts. The coefficient of friction
of the nut on the washer was found to have approximately the same
values and similar behaviour with increase of load. Tests were
carried our with a variety of lubricants and rust prevention com-
pounds. It was found that bilge grease used on a surface primed
with dried gilsonite-aluminium paint always gave a high ¢fficiency.

As regards combined siress in the bolt shank, it was found that
the shear stress due 1o torsion could be up to one and 2 half times
the shear stress duc to iension, with consequent yiclding in the
outer fibres of the bolt at tensions much below its capacity in pure
tension. The tension al yield point was related to u as follows.——

o= 0 0.10 0.20 0.30 0.40

T 21,930 18,450 153,200 11,800 9,650 1b. ft.

These investigations show that, with the rorques normally
used, there is a strong possibiity that many bolts are, duri-
installation, subjected to stresses beyond their yield peint. It
necessary to take into account that many of the bolts will subsequent-
ly be subjected to transient overloads from blast or natural seismic
shock waves,

As, however, maximum positive force on the rock is the first
requirement of a rock bolr, a compromise is adopted. A torque
of 250 lb. ft. is used for 1-in. bolts of En5A steel. Under average
conditions of thread and washer friction this gives a tensile force of
abour 15,500 Ib. and, for cut threads, a safety factor of abour 1.1
on yield strength at the outer fibres, The torque on l-in, mild
steel bolts with cut threads should theoretically be limited 1o about
180 Ib. ft. In mild steel bolts with rolled threads, however, the
stee) in the threads, which is the critical section, has beer improved
by work hardening during thread rolling. A torque of 250 Ib. fi.
can be applied to these without apparently damaging them.

Generally, however, the varizbility of the factors involved in
the process of tensioning bolts by applying torque is such that
it has 10 be accepted that some bolts will be oversiressed and others

under-tensioned.

where

[
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3. (d) Grouting of Rock Bolts :

On the Tumut ) woiks rock bolts were intended origmaliy
as construciien support only; the designs provided for all per-
manent supperl 10 be of concrete. The advantzges shown by the
bolts ied to the realization that they should b'? made permanent,
both in the Temut ] works, where possible, and in all fuiure works

Consderation was given 1o the use of bolts of marterials Jess
corrodible than steel.  Brass, aluminium bronze, and aluminium
were considered, and bolis of the last mentioned were experimented
with on some works. Apart from the higher cost of the bolis
themselves, the larger shanks and anchorage diameters needed
large drill holes. An aluminium bolt of the same strength as g
bolt of A.S. No. A 1 steel 6f 0.9151n. dia. has i shank of 14 in. dja,
and 2 correspondingly large anchor. At this time, also, there was
on the market & propnetary method of reinforcing rock by insertion
of deformed sicel bars in a cement mortar encasement in the drilj
holes by use of & perforated sphit cylinder. This method had the
disadvantage that prestressing did not occur.

It was decided 10 proceed with development of a grouted rock
bolt. The main difficulty was that the space left by a l-]_n. bolt
in a 15-in hole allowed of the use only of very small diameter
tubes.  The alternauves of a larger diameter drill hele or an en-
larged collar section were discarded on account of cost. The key
to the problem was to develop & grout which would have both
adequatc strength and flowability.  Various formulations of cement,
sand, pozzolans and additives and metheds of piacing the grout
in the bolt hole were investigated. Tt was found that a neat cement
rout of about 0.40 warter-cement ratio, made with a selected port-

nd cement, could be placed with a simple apparatus (Ref, 16),

One advantage of grout 1s that it provides an alkaline environ-
ment for the bolt shank and anchor. It ziso fills the hole com-
pletely with a sirong material which enables the bolt 1o offer shear
resistance 1o forces acting in a plane perpendicular to the axis of
the bolt. If the anchorage or bearing plate fails, the bol load is
wransferred to the rock by means of the grout bond. In addiuon,
the grout ferms a sound filling for any reck crevices adjoining the

hole. .

If the joints are open enough to take an apprecrable quantity
of grour, the ring structure created by the rock bohs can be re-
garded as almost a Jow-grade seinforced concrete.  If the joints
are too tght to 1ake greur, the result 1s a dry masonry reinfo:ced

with prestressed stcel bars.

3. (e) The Exposed Parts of the Rock Bolt:

The protection given to the shank of the bolt by the grow
shouid be maiched by equally good protection of the exposed paris
of the bearing plare assembly und the bolt shank. In pgeneral
this has been achicved only to everyday standards. On the other
hand. major enginecring works such as the tunnels of the Snowy
Mountains works should be prepared for a life measured at Jeast
i hundreds of years. It is difficult to achieve absalute permanency

- COTrOSION-prone Components under conunuous 1mmersion :
e problem has been deait with by making the role of the bearing
plaic less essential in the later life of the boli.

3. (f) Rock Bolts with Deformed Shanks: .

While the bearing plate assembiy 1s hkely 1o fail by corrosion,
the anchorage could alse fail by softening of the rock under the
pressure of the anchor and the presence of water,

If either or both of these things happen, the bolt will maintain
11s pre-stress only to the extent that the ad}_mesrm berween the bolt
shank and the grout can maintain the tension in the bolt. If the
bolt is a plain bar, the first assumption which can !Jc made is that
approximarely thirty bar diameters would be required to develop
bond. The resultant reduced effective length of the bolt is especially
important on belts of the most commonly used lengths—aboul

’ f[.ThC effect on the ring of reinforced rock 1s shown in Fig. 9.
The thickness of the zone of uniform compression 15 decreased to an
extent which depends on the ratio of bond dlstance_ro the ]cngrh
of bolt and to the bolt spacing. Moreover, the rock in the rension
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on the Support Syiem shown in Fig. 2 —Plawn Shank Bolrs,

zones berween the bolts is nog supported to the same extent as
before. I, on the other hand, bolts with enhanced bond capacity
are used, the situarion after fajlure of the bearing plate and anchor-
age would be gencrally as shown in Fig. 10. Here, the cones of
pressure of the bols are still abour 75 per cent of their original
volume, The layer over which the pinning-back effect 15 lost is
now much less than is the case in Fig 9.
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Fig. 10.—The Effects of Falure of the Rock Bolk Anchorage and of the Bearing
Plate on the Support System shown 1 Fig. 2. —Deformed Shank Bolis.
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TABLE 1V.

Properties of Steel in Rock Bolt Shanks subjected 10 * pull-ouc * Tests.

{(Qgpe-inch nominal diameter—hollow core)

7 -
|
‘ ! i Tests on bar stack !Tesls on B 1ong rock bolis
! —_
I Type of Type of ’ Type of Mirnmum Weight /Tt Yield Ulumate | Elongation Wlumare
Ne , bat steel deformation bar dia length load load an B-in. Elongation load
; length
] (n) (o) (1b) (o) {ptr cent} fper centy | (1,0001b)
— — _
1 l Plam hol- [ To  AS | None 100 248 34,000 53,100 26 3 20.7
low core Ne Al
z Deformed | To BS897¢- | Te A S. 0925 231 33,000 52,800 28 5 465
hollow 1955 No A92
core En5A
3 Deformed | To A5 | To  AS 0 9€0 255 34,200 52,100 27 5 40.2
hollow | No Al No. A.92
core i
q ('_‘(Jnl:nuom;-»l Te A S | Cut threads 0839 2.07 24,000° 41,000 9 9 40.1
Iy threaded | No A
BSW. =B
tpi hol-
low core '
* Butile [aduce—Ne cleae cut yield poine.
TABLE V.
Results of "“Tull-out ” Tests on Lengths of Rock Bolt Shanks with Various Surface Treatments.
{One-inch nominal diameter—hollow core)
Embedmen1 | Grout 7 days old | Grout 28 days old { Grout 90 days old Yield strengu..
Surlace treatment n grout of the bar
of shank Load at pull-out | Load at pull-put | Load at pull-gut Nawure of failure
(i) {Ib) {lb.} (b) by
1 Plain bar (10 AS. N¢ 6 6,300 11,700 12,000 Shear at growt-sicel interface. 34,000
Al 12 9,200 11,600 15,000
18 16,700 14,200 26,100
36 16,400 31,200 33,100
2. Plzin bar coated with s} 8,300 19,400 20,900 Shear in the grout or m the 34,000
WEL CROXY TCSIN 12 16,200 26,600 44,500 resin coalng.
18 27,700 45,200 40,000
3. Plamn  bar coated wih & 32,000 30,200 435,500 Shear 1n grout at early ages 34,000
sand ¢puXY 12 43,400 48,600 49,500 & short embedments.  Shear
: 18 48.400 52,200 49,300 i resm at 90 davs and long
embedment.
4. Deformed bar hellow core b 24,000 39,200 37,700 Shear of a cylinder of grout 33,000
(lc BSS970En 5A) 12 39,800 49,600 44,000 at pertphery of the deforma-
ASTM A 305 56T & 18 46,000 49,800 45,400 ons. _GIOul berween the
AS No A92 deformatiens broke up into
fiakes,
. Deformed bar hollow core & 23,600 34.200
5 . AIS. Mo AT 12 37000 No tesis No tess ;
s thread BSW.& [ 21,000 31,800 31,800 As Nos. 4 & 5 except thar 24,000
6 & e 2 31,000 36,600 38,200 grout beiween threads was
) 18 35,000 35,800 36,500 intact.

Tests the details of which are set out in Tables IV and V and
Figs. 11 and 12 were carried out 10 ascertain the eflects of vanous
treztments of bar shank surface on the bond between the bar and
cement grout,

The grout used for pull-out tests at 7 days and 28 days con-
formed 1o the standards for rock bolt grout setr out 1n Section
4. (g): the average compression strength of 6-1n. by 3-in. cylinders
at 7. 28 and 90 days was 3,090, 5,080, and 7,300 lb./sg. in. respec-
uvely. For pull-out tests at 90 days. a somewhat weaker grout
having an average strength of 5,730 1b./sq. 1n. ar 90 days was used.
The bars were grouted into steel tubes of 1§ in. inside diameter
and # in. wall thickness. The pull-out tests were carried out in a
vertical position with the grout tube uppermost,

The sand epoxy-coated bars (Ref, 17) were sand blasted and
then brush-coated with resin. Sand passing No. 14 B.S. Sieve
and retained on No. 25 B.S. Sieve was poured over the resin im-
mediately afterwards and the coating then oven-cured.

erl'.rvvr

The plain epoxy bars were embedded in grout within ten
minutes of being coated as the pot-hie of the resin used was only
about 30 minuies.

The uncoaied plain bars, the deformed bars, and the threaded
bars .were cleaned of factory grease with carbon tetrachloride
and allowed to weather in the open at Cooma under summer con-
ditions for three days.

The sand cpoxy-coated bars had the highest bond strength,
bui the bond given by them is not sufficiently better than that of
the deformed bars 1o warrant the greater cost of the epoxy process.
Moreover, the deformed bars and the threaded bars are the only
ones which, in grout 90 days old, showed no siippage within the
working range of up to 20,000 Ib. pull-out load {Fig. !2). Barsin
grout 7 days old and 28 days oid showed much greater slippage
under Ioad than those in grout 90 days old.

Deformed bar shanks are now usual for all bols which are
10 be grouted, Genetrally, plain shank boles are used only for
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non-permanent works and in some cases for lempoiary support
where, for reasons other than rock quality, a runncl is to be fully

lined with concrete.

4—Rock Bolts and Rock Bolt Techniques on
the Snowy Mountains Works.

. {a) Types of Rock Bolt:
! T)hc essential components of a rock bolt are the shank, the

nd the bearing plate assembly. One type has an
iariig?;?gs:uaare bolt head, bgut in mosL cases both ends of t_hc bolt
are threaded and the bearing plate is held with 2 nut.  The integral
head type is not suitable for grouting. It is difficult to make it
with a hollow core and, if an external deaeration rube is installed
with the bok, the tube frequently is wrapped around the bolr,
when it is rotated to set the anchor. Another disadvantage is
that puli-our tests cannot be done unless the bolt has been prepared

TY e N BUL ) 5—Pender, Hoslang & Marner,

during instatlation for such a res:. Excluding the slog and wedge
Type, all other rock bolis are threaded ar both ends.

Rock bolis are gencrally classified according 10 IYpe of anehor
of which there are four Broups : siiding wedge, sleeve and wcdge,
slot and wedge, and expansion shell. ’

The sliding wedge bolt js semetimes difficull 10 seq in hard
rock. In Tumut | Powcr Stauon, difficulty was also injtially
experienced in getting good anchorage in hard rock With slot and
wedge boles ; after a scues of 1518, @ sel of rules were Suceessfully
adopted (Ref. 3). Subsequently, thesc bolts were made grouiable
by attachment of grour and deaeration tubes of hght metal, A
disadvantage of slot and wedge bols 15 thar the hole depth myg
be accurate to within one inch,

As expansion shell anchors contact only the sides of the hale,
the hole may ke of any depth greater than the length of the pojr—
which is a convenience in enderground conditions. Some of them
have the additional advantage thar serting and 1enSIoning can be
done in one operation. They were used on Tumut 2 on 3 jip. dia.
solid core shanks with external deaeration tubes. The deaeration
tube, however, could not be arrached 10 the shank before jnsralla-
tion because the rube would become twisted around the shank
during sctiing of the anchor. Maoreover, expansion she]js fill the
hole so completely that the deaeration tube had to terminate gn
the underside of the anchor, Tumu; 2 Power Stztion is the only
project where 2-in. bols have been used and it s unlikely that
they would be used again. The one-inch bolt offers greater strength
in relation to the size of dril] hole, and can have a holiow core which
facilitates grouting.

4. (b) Rock Bolts and Anchors in Current Use :

On the Eucumbenc-Snowy and Murray ] Projects, currently
under construction, all rock bolts which are 1o be grouted have
l'in. nominal diameter hollow core deformed shanks and expansion
shell anchors.  Many of the holis are of steel 10 B.S. 970 - 1955,
Grade EnSA. The groutable bols currently in use are shown 1n
Fig. 13. The prototype of each of these anchors was designed
by scaling up from anchors used with #-in. bolts, except thart the
drill hole diameter required was not increased in proportion. The
result was that the metal in the anchor was under higher siress
and in pull-out tests most of the prototypes failed at loads below
the strength of the bolr shank. In conjunction with the manu-
facturers, changes in design and maierial were made until anchars
were obrained which could withstznd Joads sufficient 10 break the
shank.

For softer rocks. wedge and paired shell anchors have the
advantage of a larger bearing area, They also work well in coarse-
grained rock, but are sometimes difficulr to set in hard fine-grained
rock.

Wingshell quick-set anchors are more readily ser than most
bolts, because of the rewaining spring. The shells, however, do
not remain parallel during setung and, particularly in oversize
holes in hard rock, the area on which bearing pressure is taken is

small.

4. (c) Steel for Rock Bolis :

The choice of steel for rock bolrs is a matter on which there
are divided opinions. Most bolts ysed in the Authority's work
are o A.S. No. Al—a plain mild steel, Medium tensile steel
#-in. bolts of 37-ton steel have alsg been widely used. One of the
bolts now being used is 1o B.S. 970 - 1955 Grade En5A, a 37-ton
to 38-ton steel giving an ultimate strength in the shank of abour
52,000 ib. A limred number of bolrs made of old dnll steels (55-
ton steel) have also been used.

The disadvantage of using bolts of very high strength steel
is that if the bolt did break, it would Jeave the hale with high
velocity. In tests, drill steel bolts have been projected up 1o
125 fi. horizontally, and 25 10 30 fr, vertically.  When, for special
reasons, about 1,000 bolts of drill stee] were used in the Tooma-
Tumut runnel, immediate Brouting was stipulated as a precaution.

The cost of the steel in a rock bolt is a very srall part of the
cost of the bolt as finally installed, Use of higher strength steels
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Fig 13 —Rock Boits i Current Use in the Snowy Mounraint Scheme.

could alleviate the difficulties described in 3. (c) and cnable more
supporl per bolt hole 10 be obrained.

The cwcumstances in which a bolt s likely to break are :—
failure of the impact wrench to limit the torque it is applying 0
the bolt, heaving greund, or rock bursts in high-stress fields. The
first nisk might be overcome by cleser surveillance of wrench
mantenance and use of salely procedures. In heaving ground or
where rock bursts are hkely, mild steel bolts would be preferable.

4. (d) Bolt Shanhks :

Elastically, the 1deal shank shape would be one in which
Lhe cross-sectional area of the deformed secrion was equal to the
area at the root of the threads. The present practice of machining
off the deformations before rolling the thread automatically makes
the threaded section the weakest part of the bolt and results in
elongation at failure being largely concentraied o the threaded
sections.

Continuously threaded bars have maost of the advaniages of
deformed bars, but have a Jower ulumate strength.  Elongauion
under test of full size bolis 15 one and a half umes that of other
types of shank of the same sicel, because it is not concentrated n
shorr threaded ends. They also offer 1o small jobs the advantage
that bar stock could be held on the job in long lengths and bolts
cut off to required lengths as nceded. If this type of bolt were
used, rolled threads and a higher strength steel than A.S. No. A.l

would be desirable.

With regard to torque tension relationship, a current develop-

ment m structural steelwork is of interest. Between the nut and
the tip of the bolt a groove is machined in the bolt threads. A
special wrench grips the bolt tip and the nut, and apphes a differ-
ential torque berween them. The reaction to the torque is taken
partly by the nut and partly by the shank. When the torque be-
tween the nut and the bolr reaches the desired value, the tip of
the bolt shears off and no further torque can be applied. The

hat the torque in the bolr shank

advantages of this system are t
is reduced, the control of torque becomes part of the manufacturing

Wf_’ﬂﬁl}/ﬂr“ .

process and the present necessity 10 check each bolt with a torque
wrench could be elimmarted. Tlhe existence of a bright end where
the up has broken off affords an easy check on the set of the bolt.

If this system were adopted, however, 1t would be necessary,
if the present types of anchor were used, 1o have a left hand thread
on the anchor end of the bolt.

4. (e) Rock Bolt Accessovies:

All bolis in current use have, at the bearing plate end, z i-in
B.S.W. thread 54 in. long with a §-in. B.S.W. hexagonal nut,
tapped for a 1-in. thread, and a 6-in. by 6-n. by §-n. muld stee]
bearing plate. Berween the nut and the bearing plate, one machine
wacher and two taper (bevel) washers, to allow for rock face
angularity, are provided as standard in pre-assembly of rock bols

prior to installation.

Sealing of the collar of the hole has always been a difficulty.
The aim is that the seal be easy 1 apply, retain the grout u
pressure, and not allow loss of wnsion in the bolt. Flat }
of bitumen rubber latex joint filler gave seals only when the rock
face was flat and the mouth of the hole smooth, Loss of tension
always accurred in the bolt due o plastic flow of these seals where
the original tightening up had failed 10 achieve a bearing plate-to-
rock contact. The next step was 10 have the seal material in a
contziner ring of shim metal 0.005 in, in thickness which, by
prevening lateral spread of the seal material, enabled 1t to be pressed

h of the hole as the bolt was tightened. This worked

into the mout
well in some cases, but fziled when the mouth of the hole was irre-

gular.
A seal of quick-setting mortar made up of one volume of sand,
two of Perilznd cement, and one of a proprietary saturated solution
of sodium carbonate in water glass was found very effective,
although inconvenient for tunnel operations. It is mixed by
kneading through the walls of a plastic bag for one minute and then
rammed into place for two minutes. Tt sets in about four minutes
at ordinary runne] temperatures of 55°F. 1o 60°F,, and is unaffected
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e
by 1un:: © water. This 1y sull ihe only effecuve method in badly
broken iles,

Or  Tmut 2 works, "' dry-pack " mortar gave excellent resulrs
ander € - andiions bul was washed away where warter was preseni,
Cursemr commercial developments include rapered rubber
seals. "Llise give @ good seal on only about half the holes and each
seal has wbe water pressure tested before grounng 1s commenced.
If 11 doe s nex hold pressure, a quick-setting mortar seal js applied.
On e Murrumbidgee-Eucumbene tunnel which was in
guartzini Cundstone, indurated stltstone and slaty or phylliuc shales,
it was foud preferable to use only the quick-setting mortar sea),
In the Suwy-Geeh: tnnel and the Murray | Pressure Tunnel
some of thimortar is regularly used 10 supplement the rubber seaf.
One ] now under development consists of a truncated cone
of pelyurthane foam, parually impregnated with bitumen, and
with hale s Hr the bolt and the grout wbe. If compressed or de-
formed, t }125cal returns only slowly to ts normal shape and volume.
The seal i swmpressed by hand, inserted in the hale and, in attempi-
ing to re<ier s normal volume, presses tightly enough against
the rock ®owithstand grout pressures of up 1o 25 Jb./sq. in.
In hoolow core bolis, the hollow core is used as the deaeration
tube : the gout injection tube 1s a 12-n. length of } in. 0.D,,
15 in. T LD steel wbe generally of the copper flash welded type.

4. {f}) Insullation Technigues:

For @ i bolis other than slot and wedge, the hole 15 usually
irilled sev-eal inches longer than the bolt 1o avoi_d any chance of
aving to =-drill.  As drill cuiings or s]ud_ge mn the hole can
revent seting of the anchor, parucularly with slot and wedge
bolts, it ts mportant that the holes be well cleaned out by a warer
or compreskd ar jet before the bolt 15 1nserted. The bolts are
held n ra<is on the Jumbo completely asscmb]ed with anchor,
bearing plat, two tapered washers, one machine washer and nut,

Before .»sertion, both the cone and shell and the wedge and
paired shellenchors are adjusted 10 a near shding fit in the drill
hole.  Wirighell quick-seriing anchors are adjusted so that the
serraied cdges of the shells are parallel.

Bolts waih the cone and shell anchors and paircd shell anchors
are generallyser by a first application of the impact wrench and
tensioned by:second applicatian  In the first, a drive nut 15 used.
This has cricend blanked off to prevent complete eniry onto the
bult thread & that it is forced o spin the shank, thereby setung
the anchor.  Quick-set anchors require only one operation of the
ympact wrerz ¢, applied 1o the nur to set the anchor and tension the
bolt. Wedgt and pared sheli anchors can also be set in this
manner, if 7 kty are first given an imuial set by hand turning the
shank. Thisis usoally dene while the bolt 15 protruding abour
one foot. T he bolt is then forced into the hole and the seal rammed

firmly into pace.
Where the hole mouth 15 100 irregular for cone seals 10 be

“fecuve, the shank and anchor assembly are inserted into the hole

id 1mual anchor ser obtaimed by rotaung or jerkmg the bolt
shank. The belt should then be ar such a depth that 2bout 2.
of thread shows beyond ithe bearing plate 1n its final posuion.
In the case of most expansion shel] anchors, a quick-setung mortar
seal is thers applied, the beanng plate, washer and nut are assembled,
and a rorgue of 250 Ib. [1. 15 applied with the impact wrench 0
finally set the anchor and tension the boli.

With cone and shell anchors, the anchor is given 1ts final
set with the drive nut 2nd impact wrench before the guick-setting
mortar seal 15 applied. Final assembiy and [ensioning follows.
Ref 18 gives completely detailed 1nstrucnions [or the installation

of each type of bolr.

4. fg) Grout for Rock Bolts :

The principal properties required in rock bole grouts are :

(3 ** Flowabiuy ".—the grout must flow casily through grout hoses
and grout tibes {the lanter down 10 % 1n 1 D)) under ordinary
tnnel compressed air supply pressuies of 85 to 100 Ib./sq. an.
A flow tzme of 25 10 30 seconds at 55°F. to 60°F. using the standard
How cone of 1,725 ml volume (Ref. 16) with a { n. dia. orifice,
indicates suitable flowability,

A

(n) Shght Exgannsn on Hardenmg — sufficrent aluminium, powder 1t
added 10 the graut to off:et setilement shrinkage. Excessive
gas evolution results n loss of sirengih.

(m) High Shear Strength.—io transfer load from the bair, through
the grout, to the rock.

These properties are obtained wirth EIOULS having water-
cement ratios tn the range 0.38 1o 0.94 and 1o which Commercial
aluminium powder has been added 1n amounts up 10 abgui 0.005
per cent by weight of cement.  They are mixed for three minutes
with a trianguiar wire whisk driven by an electric dry)] at about
1,700 r.p.m. and straimed through 2 No. 14 B.S. mesh sereen 10
remove jumps.

The original requirement concerning fineness of the cement
was that the specific surface should be not Jess than 4,500 sq. cm.
per gm. Specific surface has been found 1o be g satisfactory means
of checking different batches of the same brand of cemen by not
a reliable guide with another brand which may have a different
particle size distribution. Some brands of cement which meet
the specific surface requirement give grouts which, if of the re-
quired water-cement ratio of 0.38 1o 0.44, will pot pass through the
flow cone at all ; or require pernods 1n excess of 40 seconds,

The amount of aluminium powder required was alsg found 1o
vary widely with cement brends, apd with different aluminium
powders. Some cements requre less than 0.002 PET cent ta achieve
the required expansion of 0.1 10 0.2 in, per ft. of grout whep placed
in plasuc tubes 14 in. dia. 1o a depth of two feet, at a lemperature
of 53°F. (approx. tunnel rock iemperature).  One cement showed
no expansion even after 0.01 per cent of powder had been added.

Another variable with cement brand is the " pot life .
Grouts made from some cements can be placed up 10 one hour
after muxing without lass of expansion. With other cements,
if the grout 1s placed after it is about three-quarters of an hour old,
the expansion is insufficient 1o compensate for settlement shrinkage,
especially if agiration has speeded up the loss of gas. It is found
necessary o rest each cement against a particular powder before
deciding the amounts 10 be used.

Mistakes in mezsuring out the small amounts of aluminium
powder required are avoided by the use of a calibrated and stamped
MEasurmg cup or scoep which, when filled 1n a sizndard manner,
contains the correct weight for a bag of a particular type of cement,

While flowability and absence of sertlement shrinkage are the
first requirements 1n a rock bolr Erout, sirength 15 also important.
Grouts which meet the first two requirements, however, usually
give a strength of 4,000 Ib./sq. n. on 6-in. by 3-in cyhinders after
curing for 28 days under standard conditions.

Many cements tesied for rock bolt grout have shown abnormal
stiffening within two minutes of mixing.  Generally two minutes
of lugh speed stirring will remaove the efiect, but other undesirable
charactenstics of abnormal suffening—variable water require-
ments, variatons in the cxpansion due to aluminium powder and
surface cracking of test cylinders-—zre sull present.

Specification requirements for a cement for rock boit grout
are :

(1) no resndue on Ne 100 B.S Sieve,

(1) 2 flow nme of between 25 and 30 seconds through the standard
flow cone {Rel 10} ar 2 temperature between 55°F. and 60°F,

(1) the amount of alummum powder necessary to ohtam expansion,
when the grous 1s cured ar 55°F. g 80°F , (0 be not more than
0005 per cent by weight of cement, for & prout of 0 38 to 0.44
Waler-cement rahio,

{1v} for mmmimum compressive Sirength to be 4,000 lb./sg. 10 on G-
by 3-in cylinders of 40 waltr-cement rauo grout, cured [or
2B days at 70°F. to 72°F. and 95 1c 100 per cent hurmadity,

{v) maximum vaiiauon in the ypecific sierface of samples from 1ndividual
batches ot cement 10 ke not mare than 7 per cent different from
the specihe surface as nonwnated when the cement was approved
for use, and

{v1) no symptoms of fafte ser

4. (h) Grouting Procedure ;

Although diaphragm and ather posiuve displacement grout
pumps have been tried out, grout hoppers of the type described in
Ref. 15, of one-bag mix capacity, are now 1n universal use on Snowy
Mountains werks. It 15 interesting to note that a sjmla apparatus
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was patenied by Greathead m iBB6 for imjecting grout behind
wnpel lngs in London clay. Onginzlly an air discharge was
provided at the base of the hopper bowl to keep the grout agitated,
hut 1t has been found that if the grout has been muxed as set oul
above, air agnation while in the hopper 15 notl necessary.

The grout 15 transferred to the hopper through a screen of
No. 14 B'S. mesh. The grout hose is connected to the grout
imjection tube airached 1o the rock bolt, and air pressure s applied
1o the hopper. Normal practice is that, when grout flows freely
from the hollow core, it is blocked with a wooden plug and pressure
is allowed to build up in the drill hole for a few seconds
In ground where there is difficulty in getung a scal on the mouth
of (ke hole, this step may be omutted The meral grout wbe 15
then closed with crimping pliers.  The air pressurc on the groui
hopper is then momentarily released while the grour hose connec-
Lon 1s transferred to the next rock bolt to be grouted.

In an unlined runnel there 1s always the possibility that groul
under pressure may produce disruptive intersutial pressures in
the rock mass. In the early stages eflorts were made 1o limut the
re than that required to fill the hole com-
pletely and the grout pressure was released immediately grout
appeared at the mouth of the deaeraticn wbe. However, over
several years, there has been liitle evidence of this type of trouble.
Present practice is 10 apply the full mains air pressure (85 10 100
'h./sq. 1n.) 1o the contents of the hopper. Where the rock is open
jointed, the flow of grout into the joints from the hole is beneficial
as a binding agent. In some cases grout flows [rom points in the
rock surface adjacent 1o the hole. These leaks are caulked before

completing the groutng of the bol.

Grou! blockages can be avoided by seeing that:

(1) the grout hopper and hose have no sudden changes of secuon
all changes must be on long tapers,

(n) there are no water lcaks in the hopper and hosg system,

(i) there 15 three nunvics of high speed mixing, and that

(wv) there is general cleanhness, in particular the screening of all grout
through No, 14 B §. me:h before charging inte the hepper.

4. (1) Protection uf the Exposed Parts of Rock Bolis:

The exposed parts of the rock bolt are soon contarminated
by mosture, rack dust, and oy matenal, There 1s need for a
coating which adheres well to damp, greasy, dusty or shghtly
rusty surfaces, is resistant 1o mechanical abrasion and offers a long-
term proteciion during service in flowing water.

Bitumastic coatings were tried out but faiied to adhere. Ce-
ment wash ofers some advantages, but fa:ls 1o adhere in Lthe presence
The most successful system has been cement
brand of paint composed of gilsonite,
2 hardening synthetic resin, @ petroleum sotvent and flake aluminium.
This was frst used on the Murrumbidgee-Eucumbene tunnel
(completed 1960). Bearing plate assemblies which had been primed
with the pant and coated with cement grout were in excellent
condinon when inspected in 1962,

Bilge grease over gilsonite-aluminium paint has been {ound
to give excellent lubrication and protection to the nut and belt
threads and the surfaces of washers. The pamt is factory-applied
10 each component of the bearing plate assembly, including the
bolt threads and four inches of the shank where it will pass through
the seal. Only the nut threads are left uncoated.  The bilge grease
1s then applied to the threads of the bolt and of the nut and to all
surfaces of the washers. After compleuon of grouung, 2 1 in.
thick layer of cement moriar i applie¢ by brush to ali parts of
the bolt and bearing plate assembly that are accessible. Con-
ayderanon is currently being given 1o use of galvamsing as an
alternative primer coat and the use of wax mastic as a lubricamt

and final coat.

4. (j) Field and Laboratory Tests on Rock Bolts:

After installation and again immediately prior to grouting.
s checked with a calibrated hand torque wrench 10
torque is 250 jb. f1.
exists as 1o adequacy of general bolt installa-
ular place, pull-out tests may be carried

grout pressure 0 no mo

of prease or dirt.
groul over a proprietary

every bolt 1
ensure that the

When any doubr exi
tion practice at any partic

e

P

oul to ascertain the ultimate load capacity of t rcal bolt o
as installed. These are done with a 30-10n )é511lrc'h01tal}1(§]c§)rrzaal§]f£'
jack 10 apply and measure loads and a dhal gauge of 0.001 1n, accuracy
t0 Measure movements,

 The acwal tension in the bolt at any ume may be measured
if dc_sxrcd by applying a load to the exposed ¢nd of the bolt with
this jack and reading off the load at which pressure of the jt on
the bearing plate is relieved.

The usuzl arrangement for pull-out tesis on installed balis is
to couple an auxihary shank, which can pass through the ccnm\:
hole of the jack, on to the bolt threcad.  An exiension packer or
chair, which has an openmg wide c¢nough 10 accommodate the
coupling, is set up between the jack and the bearing plate, Taper
plates are positioned below the chair 10 ensure aiignment of the
components. After positioning the jack on the charr and Jocating
the system by screwing down a nut on the end of the zuxilary
shank, a dial gauge is arranged 10 read relative movement berween
the end of the boli and the body of the jack. Load s then applied
by the jack, uniil either the anchor ar the bolt fals.

On occasions the extent to which grout is filling the holes has
been checked by diamond drilling out of a core containing the
rock bolt.

The centre hole jack is alse used for puli-out ests on new
types of anchor submirted for approval and for checks on pro-
duction lots. The anchors are mounted on standard hollow
core bolts and set in drill holes made for the purpost. No chair
is used as with this type of test the bolt can pass through the jack,
A reference wire is installed in the hollow core and the elongation
of the bolt measured by a dial gauge. A second gauge, usin® e
rock face as a reference, measures movemnent of the bolt as a 4 :
relative to the rock. 1f the anchor is satisfactory, the Stanue:d
test bolt ultimately fails in the threads at 48,000 |b. pull.

Rock bolts can be used as stress measuring instruments.
In Tumut 2 Power Station the relative movement between reference
rods, inserted in the hollow cores, and the end of the bolr, enabled
bolt loads to be computed and plotied against time 10 show changes
in rock condition during power station excavation {Ref. 10), The
bolts had becen installed n the uswal way but were grouted through
external grout tubes. ;

The quality of rock bolis is checked by laboraiory tests.
Five bolts per 1,000 with a mimmum cof one {rom every consign-
ment are laboratory iested. Where experience shows thai sans-
factory control of production 15 being maintained this may be
reduced to two per thousand.

The tests commenly performed are :
{1} tenstle 1est on ihe anchorage,

(i) tensile test on the nut and beaning plate,

{m) tensile test topether with measurement of elengations, on the
shank alter machining off the deformauvons,

{(1v) combined torque-iension tests on the nut and beaning plate end
of the bolt o deiermine the torque-lension rano and the shear
stresses involved 1n tightening the nut.

Occasionally, solid round tensile test pieces are mach

from the bolt shanks and tested 10 ensure thar test (i) above ..

vald.

5.—The Use of Rock Bolts on the Works of the
Snowy Mountains Authority.

5. (a) General:

The full benefits of rock bolts as the major means of support
can be obtained only if the 1echnical direcuon and the organization
of work and equipment in the heading are set up for supporr by
rock bolting.

At and near the face, decision regarding the manner and degree
of support consists of two phases : immediate support after the
blast, if needed, and a more general examination from time o time
by the geologist who is primarily concerned with the general con-
divons over a length of runnel, and with anticipation of the con-
divons which will be met v the next few rounds of excavanion.



Where namediate support 15 in question, decision whether
belung 1s requued and, 1f so, whether 11 15 to be partern or indivi-
dual, 1s made partly from the rock structure as seen on the sides,
roof and face and partly an an esumate 'of_thc nature of the rock
which the next round will reveal. This is done while removal
of the matenal brought down by the blast (" mucking our ™) is
taking place. A further exammation of the rock may be made
when, at the conclusion of mucking ourt, the drill jumbo is moved
up 1o the {acc and closer inspecuon of the rool and shoulders can
be made from i, Bolt posiuons are marked on the rock with paint

by the inspector, _

Condiuons at the face may often be difficult. It is practically
impossible to ger good hghtuing. A coaung of dust rapidly collects
on the rock, concealing open joints and soft seams.  These circum-
stances frequemtly result in the installauon of more rock bolrs
than may appear to be necessary on later inspection of clean rock
surfaces under reasonably geod lighting. For the same reasons
under-bolung 15 alse possible.

In addivon 1o safety, full regard has 1o be pad to the need 10
ensure furure permanency of the works. Broadly, this means
“preventative boliing ™ at points which, &l the time, offer no danger
1o personnel, but which require bolung 1o prevent laier opening
up or loosemng. If the runnel is not 10 be hned with concrete
this 1s ¢specially imporiant.

When 1t is anucipated that poorer rock may be exposed by
the next biast, adequate rock Loiting up 1o the face will preven:
overbreak on that round. If, however, the rock uncovered is berter
--an was anucipated, the area in quesuon may look over-bolted

-nn viewed at a time when a wider exposure of the rock strucrures
conditions can be examined.

The rock bolts are usvally installed concurrently with the
arilling of blast holes in the face for the next round. The bolt
holes in the crown are generally drilled from the drilling jumbo
using the top deck drifters,  Middle deck dnfters are used for rock
bolt drilling below the shoulders, 1n the springing line area. Loos-
ened rock below the springing line 1s gcnera]!y co?'sndercd to be
a case for removal (" scaling” or ' barning down ") rather than
rock bolting. _

Rock bolting has sometimes been carried out from a separate
jumbo intended to operate just behind the main face drilling jumbo.,
This 15 not sausfactory as the separate jumbo is often 10 be found
hundreds of fect back from the face. Tt 15 fundamental that rock
bolumg should be carried out as an integral part of operations
near the face. Current specifications require that _the_comrac_mr
shall so plan his equipment and operations that routine msrallat_lon
of rock bolts can be carried out within 35 fi. of the face, which,
in effect, requires thar it be dqne from the main jumbeo. _One of
the early objections to bolting right up 10 the facp was a bebiefl that
the bolts would almost certainly be damaged in the next blast.
Experience 1s that this seldom occurs,

(b) Details of Application of Rock Bolting to Tumut 2

Pressure Tunnel:

The acrual behaviour and support requirements ol the rock
in any parucular case depend on factors such as Funn_c] size and
shape, amount of explosives used, the parure of stress in the rack
before excavation, the guantity and pressure of ground water and
the orientation of the tunnel with respect to the man geological
weaknesses, as well as on rock condition.

The bolung pattern at any particular point may be wholly
determined by the nature of some local we_akness. How the bolting
1s planned can best be described by taking a particular example.
Tumut 2 Pressure Tunnel, u'rhlch was 23 ftr, in diameter as ex-
cavated, will be used. In this tunnei, the rock encountered was
generally of fairly uniform condition, Class 4 predominating, with
small amounts of Classes 3 and 5 of Table 111,

In general, Class 5 was unsupported. Ciass 4 was either un-
supported ar partly supporrcq by rock bolts, and Class 3 required
enther ** complete 7 suppert in the .roof by meaps of rock bo]t_s,
or light steel support.  Differences in the support installed within
any particular rock class were, in most cases, due to the eflects of

orientation of geological weaknesses 1 relarion 1o e Wnne] sur.
faces. Fig. 14 1llustrates the most common weakness and g, 15
the pattern of rock bolting adopied. More deiailed Beological
information is given in Ref. 19,
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Fig 14 —Commen Weaknesses 1n Unweathered Hard Rock

(i) “* Partial ” Support of Class 4 Rock.—Partal SLUPPOrt
or “ pinning ** by rock belts is illustrated in Fig. 15. The bols
were spaced from 4 f1. to 10 fi. apart longitudinally in the shoulder
or roof where required. Where used in this way, and installed
within 3 fr. 1o 5 fi. of the face, rock bolts praved very effective in
controlling " progressive * overbreak due to joints or soft searns
oriented aimost parailel to one of the tunnel surfaces. This is
the case with the flat-lying joint shown in the longitudinal section

in Fig. 15.
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At many points ' shoulder Finning ", that is, bolting only at
and just above the ' shoulders ’, was used. In some of these
areas joints and soft seams continued to open up for some days
after blasting, norwithstanding the bolting, but there was little

o fall-out. o
" n]n general, no regard was taken of the possibility of unseen

weaknesses ot conditions when determining the amount of boltng.
While some risk was possibly incurred by this practice, attempts
10 cover the unknown and invisible would have resulted in the use
of several times as many bolts as were acrually needed and used.

i) *“ Complete” Support of Class 3 Rock. In the rock
ofoclljass BC,OCIEES EROK] of%lass 4 1o 3, rock bcliing to wit_hm 4 ft.
of the working face proved particularly successful. While some
steel supports were used in every section judged to be Class 3,
considerable Jengths of runnel of the 4 to 3 and the 3 1o 4 Classes

e

N

e aa

c

were supported by rock bolis only.  Some of the Class 3 rock jrselr
was supported by bolts only. In the rock approaching Class 3,
rock bolting achieved good control of overbreak and rogf stability.
Had rock bolting not been available, many more sieel sers woyid
have been used and there would have been fall-ouss in marginal
places not poor enough to warrant sieel sets being installed,

Fig. 15 is typical of secrions of rock-balted tunne] jp, which
the rock conditions approached Class 3. Although the boly lengths
are 10 fr., they were instalied at spacings as low as 2 fi., because
of the small size and Ioosencss of the blocks. This pattern of
bolting is designed more for prevention of local falls than for overall
support.

If overall support had been the cbective, 7-ft. bolrs ar 3-ft.
spacing might well have been used. In similar rock in another
tunnel this Jatter pattern was used successfully in OpEnIngs up to
28 ft. wide and 35 fi. high—a case of an exception 10 the general

rule given in 3 (a).

(iii) Large Joint Faces.—Where a large joint face occurred
in the roof or walls, as at (a) in Fig. 14 and (b)in Fig. 15, it was
usual to put several bolts intw i1, on the assumnption thar there
were other parallel joints behind it, unless it could be determined
from adjacent rock exposures that such was unltkely,  When
viewed later, these areas sometimes appeared 1o have been aver-

bolted.

{iv} Deterioration after Excavation.—A point of some
concern was the avoidance of “ fallouss " or other deterjorarion
of rock in the period between the time of excavation and tim -
lining. In Tumut 2 Pressure Tunnel, no deterioration in co:
tion occurred in Class 3 rack., At some points in Class 4 and Class »
rock, the blast had caused censiderabie cpening up of joints n
the zone near the tunnel surface. As much as possible of rhe
loose material was removed before rock bolting, In sume places
mortar patches (™ telltales *), were placed across SusSpect joints 1o
reveal any opening up of the joint,

In the Class 3 and 4 rock, “slabbing off * occurred in the
unbolted wall below the springing hne. Having regard 1o the
stress distributions referred to earher, it is necessary to consider
where this might have been promoted by the existence of a strongly
bolted area in the shoulders. In Tumui 2 Pressure Tunnel,
however, it is believed to have been due to the inherently loose
nature of the rock which was such that litlle improvement would
have been achieved by further barring down. There were some
falls of blocks, gencrally less than one cu. ft., from the rocf. Per-
haps the bars used for scaling down were too hght; they were
i in. water pipe, up to 20 fi. long, with short ups of tool steel.

Tumut

5. (c) Rock Bolting on Other Recent Upper
Works :
Concurrently with the Tumut 2 Project, work was procceding
on the Murrumbidgee-Eucumbene and the Tooma-Tumut Tunns’
On the Murrumbidgee-Eucumbene mnnel, which was 12
in diameter, rock bolts were installed from the rear of the drin
jumbo (Fig. 16) within about 16 ft. of the face. Side flaps were
provided on the jumbo at the rock boliing Station and either a
mounting bar for drifters was installed or 2 ft. extensions were
made to the stoper air legs.  Using two stopers or drifters, a crew
of three could install all bolts required during the time raken 1o
drill the face for the next round. 1f it was necessary to bolt right
up to the face {"" forward bohing ™), the three-man team could
achieve this without appreciable delay 10 the next firing of the
face. The vsual length of bolt was 8 ft.  Six-day world tunnelling
records of 532 [i., 563 it., and 590 fI. were made on this runnel
while it was being bolted with alternatively three bolts and five
bolts each at 5 ft. spacings for about 30 per cent of the length.
In the Tooma-Tumut Tunnel, which was 13 [t horseshoe,
the normal patiern was four (o six bolis, each 8 fi. long, although
occasionally 10 ft. bolts were used. The design of the main jum-
bos used on this project did not allow of their being fited with
satisfactory permanent drilling equipment for rock bolt work,
Bolting was carried out from the main jumbeo deck only when it
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was necessary io forward boll, which was done with air leg drills
during dniling of the face. In exceptional cases, work on the
face was suspended untl enough bolts had been placed in 1he
rDD[.Mosr of the bolts in this tunnel were installed from separate

1bos specifically designed for rock boliing, _ Each main heading
...d one jumbo firied with two, and sometimes three, Gardner
Denver CFBY dnifiers with power-feeds. The bolting was carried
out at varving distances [rom the face and generally took place on
the night shift or on Sundays 1o avoid interference to main track
operations.  Although margu_ma! ground was always bol_[ed up 1o
the face, there was difhiculty in keeping the general bolting opera-
tons from the separate rock bolt jumbo as close 10 the face as

destred.
5. (d) Rock Bolting on Current Works: .

On the Lucumbene-Snowy and (he Snowy-Geehi works ar
present undeT construction, f_uIl advamagc has been 1zken of
experience on the works previgusly m:nrnu?cd. . . ,

- of one tunnel, the 1,094 ft. long Iversion runne
for GEe);;iVI%I;(;], was completed in QOctober, 1962, This is of 21 fr,
diz. and like most diversion tunnels 1s partly m wegthercgi ma;er;a],
A number of small sheared zones and open limonite stained joinrs
intersect the tunnel at an acute angle, 552 fi. of the tunnel was
supported by siee] sets and 380 f1. by rock bolts; 162 ft. did not

Té any support.
rﬁqufl‘he S};owi?Gcehi turnel of 21 1. pomlpal diameter and the
Murray 1 Pressere Tunnel of 24 ft. nominal diameter are currently

-ing excavared. The jumbos used on these have 1wo ;ock _boh
ters on the front end which are mounted on chain drive slides
by which they wn be brought inte any position between the front
of the jumbo and slightly rear of its midpoint, Thesc'are used
when forward bolting is required. Two' rock bolt drilters are
similarly mounted on the rear half of‘t_he jumbo and are _thg ones
;.rsed for all normal bolting.  An addmonal‘ feature of this jumbo
1s that the face drifter mountings were designed so that it would
be possible, if desired, ro.dlrea them against the crawn and the
shoulders, sections of the jumbo decks being removable,

When wsing the rear drifters only, up to 18 bolts per round
have been placed without any loss of rate of advance. The most
used patiern on these tunnels 15 5 to 8 bolts 8 fi. or 10 {t. in lengih
with a patrern spacing of 4 {t. or 5 ft.

On the 21 ft. nominal diameter Eucumbene-Snowy Tunnei,
of which by mid-October, 1962, approximately 20,000 fi, had been
driven on three headings, bolis are installed From. a2 rock bolting
latform on the mam jumbo behind the face drifters. Norm_al
ﬁqsmllation of rock bols is ar 22 1o 35 ft, from the faCC—[ha['JS,
[ the order of | 1o 14 diameters of the tunnel, Forward bolting
Ds done by stopers working from the decks of the jumbo. The

prepe wa

‘wang S0 W ]
»
Sieper Lidanee Lagr urg

Tunnel, Muwrrumbidpes. Encumbene Tunned, 1956,

ght bolts with a patiern spacing

most frequent pattern is five 1o e
& maximum of

of 4 ft. Typ:cal rounds are 12 fi 50 that there is
24 bohs to be installed per round.

In the Island Bend heading of this tunnel,
were installed in the first mile. OF these § per ¢
bolting. In every case, on this tunne| where for
been used, it has proved possible 1o avoid use of st

some 4,100 bolis
ent were forward
ward bolting has
eel sets.
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1962,
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All necessary bolts are installed, tensioned 2nd tested before
the next finng of the lace.  After tesung each bolt the nspector
places a metai tag on il and plors 1ts posinen on a diagram on his

shift report.

Fig. 17 shows the jumbo used on this wnnel. Originally
four rock bolung drifiers with 6-ft chdes were mounted on the top
middle deck in the section 22 ft 1o 33 [1. {rom the front end. This
proved unsatisfactory. The arrangement shown in Fig 17 praved
sausfactory, One cnfter 1s operaied {rom each of the three bars
on the top deck and, for bolting at or below the shoulders, from
ihe rwo bars on the middle deck.

As in the Murrumbidgee-Eucembene Tunnel the influence
of rock bolting 1n 1mproving the rate of advance has again been
demonstrated. On the Island Bend heading 1n granite the follow-
ing daily advances have been obtarned.—

(1) Bolung from the acrmal posinon ¢n the jumbe—-49 9 [t per day,

(i) Forward polung—3€ 3 [t per dey,

(m) While placing 6-in x 5an R 8} sets at 5.t spauings—24 5 ft

per day.

Normal rock boiung thus allowed of twice the rate of advance

pbrained when wsing light sieel sets.
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mania Division)—

Introduction :

We reggrd ‘(]'115 paper as one of grear pracrical value (g anyene
conncct_ed with investgation, design or construction of underground
works in rock material.  Over the past decade permanent re *
bolting has proved 10 be a major factor, in underground excavar
in improving the safety and efficiency of rock removal and in . -
ducing the cost thereofl significantly. o

This is one of several publicztions on rack boltin
Mountains Hydro-Electric I,J‘\uthoriry authors, and brigngsy Esn?;‘:?_’
tuzlly up 1o date on current practice by the Authority. The
authors are 10 be commended for a most valuable comributio'n

Naturally, the technigues developed, the rcsulis obtained and
the deductions made are ba:cd on experience in the class of rock
found in the Snowy Mountains arca.  This is basically hard rock
with its condition varying widely as indicated in Table III of the
paper.
In Tasmania, the Hydro-Electiric Commission has had experi-
ence recently in sedimentary rocks and has developed suitable tech-
mques and equipment for this softer marerial,

Use of Permanent Rock Bolts by the Hydro-Electric
Commission, Tasmania:
The Commission has used rock bolts for underground su
_ o
since 1955, and in the present Great Lake Power Degelopmemage;’;
use for permanent support has been extensive. The [following
1able shows rhat abou1_35,000 grouted rock bolts were used includir-
approximaiely 9,000 in the underground power station.
Nuber of

Location of Usage Bealts Remarks
Poatina Power Stavon (300 i1 » 45 ft
% B3 f1} . 9,1
Access shaflt {27 {t. % 14 i) 11833 Grouted
Access runnel (18 It dia ) 2,888 ”
I’{mlrace runncll(lé f;_-l . dia) 12,648 "
enstock tunne! (12 {1.-6 1n dia) 3,987 -gre
Headrace wnnel (19 ft. and 16 ft -2 n. 78 Non-groutable
dia) . 8,109  Both types used
37,622

The standard length of rock boli used for general runnel
support has been 8 fi.  In the power stauon rool and walls where an
extensive zone of unstressed rock was expected the lengths varied
up to 16 ft. with the majority 12 fi. (Seme 6-f1. bolts have been
used for temporary support but were not grouted )

From our experience, we agree with most of the statements in
the paper. However, we do differ on some aspects on which we
comment below, referring to the Section concerned of the paper

under discussion.
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Types of Rock Bolt (Secnion 4{a)j"

(a) Anchors.—The Commission has made tests on a number
of the 1ypes of anchor now on the market am_j mvestigated _thc merits
of others. However. all the rock belts put in during routine instal-
lauuns have been of the slor and wedge type (high tensile expanding
shell types ar Catagunya and Arthurs Lakes Power Stauions).

Some jacking tests made have shown that this 1ype of anchor
is capable of geveloping the full rensile strength of the bolts, Of
probably more sigrificance 1s the fact that virtually no rock bolts
installed have shown any signs of anchor ship when accepting the
tension applied by the nut at a torque of 250 Ib. ft. (This is the
same torque as used by S.M HE.A.) ‘ .

Anchorage has been equally successlul in dolerite, 1n the hard
permian mudstones of the Great Lake Power Station and tailrace,
and in the softer Triassic sedimenrtary rocks of the Grear Lake
penstock and headrace tunnels. .

In terms of direct cost the slet and wedge 1ype is substanually
cheaper than any other type of rock anchor on the market.

In terms of cost of installauion the Commission would contend
that this type of anchor is not infenor 1o any other. It has only
two parts and 1s easily and quickly assembied, and ns assembly
15 unlikely 10 become ineflective thro_u_gh damage when being
nserted in the driil hole.  The final driving of the bolr on ta the
wedge 15 a matter of seconds with standard cqu:pmer?r.

We have not found much difficuity due 1o the disadvaniage
sentioned 1n the paper thart the hole must be drilled to an accurate
:pth.  Far all rounine work a dnil steel has been used of such

o length that if the drill is run until the chuck reaches the rock the
bolt can be directly insialled and will siand out from the rock by the
rcqujsuc amount,

The siot and wedge type of anchor 15 suitable for use as a
groutable type as the de-aeratron tube can be carried pas: the anchor,
This ensures that the anchor as well ag the chank of the bolt 15
encased 1n grout. There 1s also the advantage thar the bolr does
not have to be rotated in the hole duning insiallacton which can be a
cause of damage to the tube.

One barch of bolis supplied with tubes attached by the makers
was unsuitable because the ubes were located so that therr ends were
crushed when the wedge was driven nto the balt. I the tube 1
on the hne of the slot this damage does not occur.  Our present
practice 15 10 buy the bolts and tubes separately and make up our
own zssemblies so this point can be artended 1o satisfacrorily.

( i i Commis-
Bolts {Section 4(&).——For all routine work the

sion l(sbi\smg plakin round mild steel rod with a nominal diameter for
the rolled thread of 1 in. Actual diameter of the rod averages
e d ure that when ground

Commussion had, at one nme, 1o ens . .
movc’lr—n}::ins occurred tn the roof of the power station the bolts did
nt becomne elongated to the point of failure.  To this end tests were
ade on the standard rock bolts 1 vse. It was estabhshgd that
':.e]d point was 21 aload of 11 1005 (37,500 1b./sq. in. for the diamerer
éf bolt used)  The lead at failure ranged berween 17 and 2] tons,

and clongeuon was a mmmum of abeut 5] 1n. on a 6-ft. boll.

All bolts uliimately failed by necking 1 one or both of the

legs of the slot.
i — i lates

hers and Nuts (Section 4(e)).—Bearing p
§in [c}? X:zs made from g-in. mild steel plate with a separate hole
for fhe grout tubes, with appropriate tapered or flar washers and
mild steel nuts, are being used. These are thought to be identical

with those in use by the S.M.H.E.A.

Tubes.—Trouble was experienced due 1o grout
rubcs(dt))cggog;maged in handling if the bolts were transporred
from the factory with tubes anached. For this reason, and go
ensure the correct placing of the rubes as mcnnoneii abgve, li e
Commission purchases the bolts and the tubes separatchy Zn] makes
up the whole assembly on site by taping the tubes to the bolts.

The use of hollow steel rods in place of grout tubes cannor
be justified by the Commission on the ground of costs.

[

(e} Sealing of Holes befure Grouting (Section A7) —
So far as is known, the Commission was the first user ¢ rubber
plugs for this purpose. These were made up. 10188 0Wn gpecifies
tion, with a central hole for the balr and two holes adjaceny for the
grout tubes. QOnly m rare cases js it impassible 10 seg} 5 hole
sausfactorily with such plugs. If the rock under the bcanng plate
1s broken and uneven a short length of pipe 1s used as 4 spacer
between the rubber plug and the Plate to foree the plug ntg 4 sound
part of the drill hole.

Grouting of Rock Bolts (Section 4z} :

Practice would be generally similar to that ¢mployed by
S.M.H.E.A. except for the use of aluminium powder. * Thyjs was
inrtially used, bur after a grouted bolt and jrs surrounding rpck had
been drilled our as z large dizmeter diamond drll core and closely
examined, the use of aluminium powder was disconuinued, [t was
found thar the grout nsed had developed a spongy and powdery
condition lacking strength and bond 1o either the bolt or the rock.
The quality of the grour deteriorared as it went up the hole, sug-
gestng that there had been a rising of hydrogen bubbles from the
alumimum until they reached 2 concentration that impaijred the
grout, Did the aurhors carry out tests ro ensure rhat Joss of strength
was nol serious as a result of the addrtion of aluminum powder ?

Bond to Bolts and Rock (Section 3

When the bolt menrioned above was examined the bond
strength was not high either between the rod and the Brout or be-
rween the grout and the rock.  Further, it was evident that if lead
caused elongztion of the bolt with cansequent reduction of diameter
the bond would be broken.

It would appear that 100 much reliance should not be placed
on bond, and that the use of deformed bar 15 of doubtiu} value
unless a very good grout-10-rock bond can also be ensured. Were
tests of bond carried out by S.M.H.E.A. particularly where
alumninum powder was added ?

Protection from Corrosion {Section 4(;)):

Gencrally, where rock balts have been used for permanem
support, a steel mesh has also been used to prevent fall-our between
bolts, and the whole has finally been gunited. This should give
complete and permanent proteciion 1 the extertor parts of the
bolts from corrosion, and no steps 1o paint or coar the parts have
been taken.

Practical consideration in Rock Bolt Placing

(Sections 2(d) and 5) :

The Commission would not be in complete agreement with the
5.M.H.E.A. on some points mentioned, particularly the statement
that rock bolting can be nearly always carried out without appreci-
able mnterruption to other work in 2 tunnel. It appears that gener-
ally, with the Authority, the bolrs have been instzlled off the back
of the drilling jumbo or even further back in the tunnel. Where
“ forward bolting * is mentioned this seems 10 have been carried
out over men working below. It seems [rom this that toliting has
not generally been carried out 1n ground that was copsidered
dangerous or failing, and was, n fact, mainly used in ground which
was at the rime standing satisfactorily without any supportand which
might well have continued so 10 stand indefinitely. 1t was, then,
presumably a precaution against long term failure, The Com-
mission has at times used rock bolts for support of ground, right
against the face, both in sandstone and dolerite tunnels, where
adequate support was essential before any other work below the area
could be comtemplated  Under these circumstances, the drill
jumbo may well be tied up, whilst two or three men only with not
more than one machine, and using the greatest care, insert the
requisite number of bolis and mesh. This js usually a cheaper
process than standing steel sets, but it may well be a slower one.,

Under such circumstances, too, it Is possible that morale
would be better under sets than under rock bolts.
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Perhaps the authors would comment on whether in fact much
forward bolling was carried oui under dangerous conditions.

One difficulty which has been expenenced by the Commission
1s in the transiuon from no support, O rock bolts, to sets, and vice
versa. This difficulty is due 1o the decisions made to vary runnel
diameters with variations 1n the final liming adopied. On one
occasyon the Commission commenced to drive a tunnel of diameter
19 fr. in dolerite. It was expected that it would be largely
unsupported and unlined but certain sections of poor rock needed
cupport and rock bolts were installed. As worse ground was later
encountered 11 became necessary ¢ stand sets and to design a full
concrete hning. It then became essennial 1o strip areas, already
bolted, 10 a diameter of 20 fi. & in. so that sets should not protrude
too far into the lining.  Stripping of an area which has already been
bojted was found to be 2 slow, difficult and often dangerous

proceeding.
In the above circumstances, the early adoption of rock bolung

was disadvantageous.

Steel Sets and Rock Bolts Combined:

A practice used in the Commission, which is not covered in the
paper, 15 that of adoptng steel sets in conjunction with grouted
rock boits. This system 1§ most applicable to tunnels which have
been bored to a smooth perimeter. Long lengths of the Poatina
tailrace tunnel, bored to a diameter of approximately 16 f1. by the
“ Mole ** have been supported by sections of light steel sers covering
from 90 to 180 degrees of the back which are themselves supported
by rock bolts at the crown and springing line. In this way the
support of a small number of rock bolts can be distributed over a
Jarger area (see Fig. D1; This proved to be quicker and more

satisfactory than rock bolts alone.

Tarrace Tunnel shcwing Light Steel Seis and Steel Mesk

Fig. D1.—Poatina
in a Tunnel excavated by the Mole.

g between Rock Bolts (Section 2(d)):

The paper makes only passing reference 1o the necessity of
holding and supporting rock berween the pattern of bolts. Ths is
probably because the hard granitic rocks of the Snowy area are less
liable to slab away in small pieces than are sedimentary rocks.
The Commission has found that properly proportioned wire mesh
\s an essential and extremely efective adjunct to rock bolung
If possible it should be placed under the plate washers of the bolts
ar the time the bolis are installed. This may not be possible if
bolting i5 being carried out close to a face which is being blasted,
as the flyrock will damage the mesh. If it has to be placed later

Leggin

-y

then there is either the alternative of slacking off the hut and re-
moving the washer if the ground appears to be capable of sranding
while the tension is off the bolt, or of placing a second washer and
nut on top of the first.

Failure of Rock Bolting:

The Commission has had only one [ailure of rock which had
been bolted. This occurred in the Great Lake penstock tunnel in
Triassic sandstone, when some 100 ft. length af the back of the
tunnel collapsed about a month after cxcavation. bringing with it
the majority of the bolts, These bolts were mainly 6 {t. Jong and
had not been anchored far encugh back in the rock for the conditions
found to exist. It appears that if the rock is soft and Jiable to
crumble between the bolis little reliance can be placed on them 10
create an effective ' beam ™ of rock 10 span an opening, and that
they must then be anchared far enough back into the country for the
anchorages 10 be substantially outside the zone mfuenced by the

runnek.

Use of Mesh Pins (Fig. D2):

Although perhaps not strictly relevant to the paper, brief
mention is made to the mesh pins developed by the Commission as a
useful adjunct to tunnel support by bolts. These are now used
extensively where it is desired to hold mesh 1o a rock face, but where
the full strength of a standard rock bolt is not required.

Shightty £lot+ened enda

Wecdlge
SIDE _ELEvaTION
C ! -t
. 3§ oo bar
|
PLAN «——i J— P96 bor

Fig D2.—Mesh Pins

They are [ormed by bending a length of § in. dia. reinforcing
bar, which has had its ends shghtly Rartened, into a hairpin round a
second short length of bar which forms a head. They are set in the
rock by expanding the pn in a drill hole over a standard rock
bolt wedge.

The head picks up two or three wires of mesh and adequ !
supports the mesh between bolts. ’

Costs (Section 2(d)}:

The paper gives no direct indication of the costs of placing
balts. This would have been of interest and value. The Com-
mission's average field cost for placing an 8-ft. boltis of the order
of {3 15s. 0d. 1o f4 0s. 0d. This includes the cost of the bols,
wedge, washer, nut, etc,, all drilling charges, cost of grout, and all
labour. These are costs for reguiar routine instailation which
forms part of a planned operation Emergency bolting during
tunneliing operations is almost always more expensive and often
causes costly delays to other phases of the work.

~ Some estimates are given in the paper of the very substantial
savings which can be made where rock bolts are used in lieu of steel
sels ir} runnels. Thus, for a 21 fi. dia. tunnel, the increase in
quantiry of ' pay ” concrete with steel sets as compared with rock
bolts is given as about 40 per cent. One would expect that the
actual comcrete cost increase would be less than this unless, under
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contracl kndering, the price per cubic yard remained conslant.
The incruse in ictal tunnel coss—including excavation—would
presumabdl be not much more than 20 per cent. _ _

Yet, w z furcher siatement, the authors say that in fully lined
tunnels theeflect of using light steel set support 1o lieu of ropk bolrs
15 1o Increae the toral cost per foor by some 45 per cent.  This state-
ment would appear 10 be at variance with the first statement and
we would ippreciate the authors’ comments

Uses of Lermanent Rock Bolts by the H.E.C., Tasmania :
The : lowing is a hist of uses of permanent rock bohis which

may be o .nieresi—

(1) T uinel support.
(2; Comnplete support for the Poanna Uncerground Power Statien

ex gvanon, walls, flcor and roof . S -
iop fioor of the Poztina Power Station 13
) gn:gf&”héﬁrg :)?Te bcaEns rock-bolied to the roof
(4) At tching brackets 1o walls and tying down erane columns.
(5) Incrrasing the dead weight of Catagunyz Power Stanon and
Artturs Lakes Pump Station agamnst vpinft.
{6) Mesuning bolts, recording dilation of the rock between anchorage

and exposed end
¢7) Th ¢only means of support of the crane beams of a S-ton overhead

comsruction crane
(8) Grvung extra support for the pensteck anchors on the szndstone

chifls at Poauna, etc.
(9) Hold down, for transmission hine lowers, Meadowbank Switch-

yard {soft sandstone} ) .
A s Lakes Pumping Stauon and at an anchor of Poaunz
4o :eln s'rulchku;nd grevied rack bolts reduced excavation considerably.

Moz Itemt 310 10 do not refes 10 underground work

Concluding Remarhs : o
The paper demonstrates clearly lhr_: need for a scientific
approach in the design and mstallanion of rock SUPPOrI 10 undchr-
ground work: and the advisability of very close ligison hctwceqnt e
engineer and the geologist on the site. Therc s a greit dcz}]l‘;n 10
learn about the structura) mechanics of natural rocks. ]c 1-_:3-
haviour of rock at the periphery of a runnel blasted out by explosiv Ics
is not casily precictabie, but the authors have _conmbur_eld grcgtéz
to the practiczl solution of this prob]cm. It is essentia [}t: dn
our as much s possible, before placing suppert, regarding the ec;
tarled geology, the stresses which exist, water pressure, creep an

¥ On\i'/c hope the day is nor too far off when a breakthrough will
occur :n tunnel boring and mechanical machmes,‘ suchl as ihe
" Mole ”, or that other methods will be evolved which will, at an
economical rate, give us @ smooih bored tunnel 1n h.z_ard rock wj:jh
virtually no shattering at the periphery, as no exp]ols:;vgs are u§cd
In these happy circumstances, far fewer bolts shou ] c”regmre
-very fair rock{Class 3 by the authors) than in conventionally brwen
‘nel.  On the other hand 1n Class 2 rock steel sets may be re-
-ced to a greater degree by rock bohts than is normal at present.
The impontant thing 15 thar all these engmee‘rmkg Jm_p:o\-ﬁm(mg
are defimitely resulting in faster ru(;mellllu;g;;xgd in keeping the unn
le other costs are gradually nising. _
ot sxoft‘:,"?oﬁshlldcr that 11 should be realized that conclusions rea;;hcd
in the use of balts in one class of rock should not bc;dopt_cd ora
different class of rock withour careful invesugation an tcsnngn_
We hope, finally, that the S.M . H.E.A. will continue tunne m%J
will conunue ther research and will conunue 1o keep others so we

informed of the results obrained.

. Chappell (Associate Member, Tasmania
Dz’viggr; ):,—-—A’f;r. Pengg' has( indicated that the rock bolts wh;:n
grouted have a very long life, possibly as long as 2,000 years, In
view of the very often unsatisfactory results obtained in t‘he:r grauting
of prestressed concrere cables could he give us more in ?rn;anon
about the eflectiveness of the grouting process and paLucu aij any
results of the tests which have been made. 1 feel thatt e_dcor; 1[10;]'15
for obtaining a good result are severe, especially conhs1 lu:nlng t ;]:
small space remaining around the bolt and also that the holes wy

probably not be exactly straight, thus causing the bolt vy copen
the sides of the hole quile often and thus prevenung a COvering of
Brout ro the bolt at this point.

Mr, H. C. V. Woollard (Associate Member, Tasmania
Division).—The zuthors are to be complimented on a Yery useful
paper which brings up 10 date jnformarion presented eather g the
development and very effective use of rock bolung by the Snowy
Mountains  Authority. This informarion has, of course, peep
applied with advanrage elsewhere, although modifications pave
naturally been necessary to meer varying conditions,  Ag an
example, the writer would like 1o ofler some comment on the
theory of rock boh support described jn Section 2. As Mmentioned
in the paper, the prestress developed by rock bolts as cornmonly
used is of the order of 10 Ib./sq. 1n. and it would seem therefore
that the concept of the ring of compressed and sirengrhened
reck ™ (Frp. 2) can be valid only in matenal which 1s Naturally de-
stressed, or has become so during the course of eXCavation. Inp
tight country and high naturaj stress  fields, stresses ip the
immediate vicinity of excavaied surfaces can be of the order of
Several thousand pounds per square inch ; 1n these circumsranccs,
it would seem that the relatively small compressive stress induced
by rock bolting can have but linle effect in ttself, and the successful
use of rockbolting for permanent Support under conditions of this
type must be attributed to other facrors,

The design of the excavations for the Poatina underground
power station, Tasmania, and their Permanent support by the pse of
grouted, tensioned sock bolts and a thin reinfarced gunite
lining, have been described by Endersbee and Holto (Ref. D).
This station is located abour 500 f. below the surface in tight,
highly stressed mudsiones. Roack failures under stress were
observed in exploratory openings and the stress conditions around
the mazin excavation for the machine hall were very carefully
investigated, both by photo-clastic modei studies and by {n-sirn
stress measurements mede in the rock during excavation. These
studies indicated thar the stress in the rock after excavation, at g
distance above the flat roof of from 5 fr. to 10 fr. e, abour the
middle third length of the bolts), could be expected 10 be of the
order of 3,000 Ib./sq. in. horizonta) compression and 130 Ib./sq. in.
vertical tension. It was foreseen that 1he tensile siress would be
relieved by some horizontal cracking, with the formarion of separated
flat slabs of rock still subject 1o the horzontal siress. The principal
functions of the roof bolts in this situztion appeared 10 be o pre-
vent the buckling of the relatively thin horizontal slabs under the
influence of compressive siress and, if necessary, 1o support therr
weight.  The roof bolting was designed on this basis, with a reason-
able margin of safery, and the roof as built appears quite stable.
A total downward movement of rhe rock surface of zbout 0.17 in.
has been recorded, of which abour 0.10 in. represents the rtoral
observed width of the horizontal cracks and the balance is accounted
for by elasto-plastic dilation.

As the authors would no doubt agree, rock bolts may be
expected 1o act in rather differen; ways in differing condiuons, and
each apphcation of this very versaule method of support requires
some individual consideranion.

Reference.

D1 Exvrrseir, L. A and Horto, E 0.—Ciwi Ergincering Design and
Studies in Reci Mechames for Poznng Undctgrovnd Power Stanan,
Tasmama, [.E. Aust Engg. Confcrence Papers, 1963. (To be

published )

The Authors in Reply :

The discussion by Messrs, Colebatch, Endersbes and Paxton,
being based an experience with rocks of a different type 10 thase of
the Snowy Mountains and under different operating condiuons,
provides valuable complementary information on the subject of
prouted rock bolts. The following answers specific points made
in their discussion.



GROUTED ROQCK BOLTS—/Fender, Hoskiny & Maruser,

{a) Anchors:

The authors' expenence 1s also that slol and wedge bols
can be successfully used both in hard granite type rocks and 1n the
softer sedimentary rocks suchas slates and phyllites. Slot and wedge
bolrs were originally used widely 1n the Snowy Mountains Ares.
The change 10 expansion shell anchors was made for a number of
ressons. Exiernal grout tubes as used with slot and wedge bolts
were prone to damage 1n installaiion. The high ulumate puliout
load capacity of 28 tens and upwards of some expansion shell
anchors is considered a worthwhile advantage.  Slightly over-
depth holes are a convenience in forward boliing where the tock
may be shot away from under the bearing plate in the next blast.
Expansion-shell anchors can then be re-set further down the hole
and relightened. This cannot be done with slot and wedge bolrs.
Rock bolts with expansion shell anchors can be [ully pre-assembled
on the jumba and can generally be set and tensioned m a single
or two simple operations with the bearing plate and other

operation,

accessories 1n place. The authors agree that both types can be
satisfactory. The choice between them can well depend on personal
experience under particular conditions, and on what crews are used
10.

(b} Bolts:

The authors have found that the use of steel to B.5.970 : 1955,
EnSA has given additional strength without loss of elongation.
As B.S.970 1 a composition specificanon only, B.S.1968 1962
has now been adopted for steel tut without regard to COMmpOosition

as welding 15 not mvolved.

(c) Washers and Nuts:

S.M.A. practice is the same as thar quoted by the Wrilers except
that since the preparation of the Paper the hole in the bearing plate
has been changed i a 1§ 1n. ¥ 1 f in. oval 10 avoid jamming when
the bolt shark makes an angle of other than 90° 1o the beraring

plate.

(dj Grout Tubes:

Two altcrnative grout tubes holes are now provided—one on
erther side of the oval hole. The injection tube is now positioned
come ume after the bolt has been installed and tensioned and the
duplicate holes give rwo chances ol gettng the grout tube in without
stirikung rock. This method prevents demage 10 grout rubes by

fiy rock 1n forward belting.

(¢) Sealing of Holes before Grouting:

All insertion-type seals including rubber plugs have proved 1o
be efiective only about 50 per cent of the uime in the broken-
mouthed holes usually encountered in the Snowy Mountains Arez
and, at present, quick-scllung cement plastered around the bearing
plate after the bolt has been tensioned is the most used seal. This
Gifference from H.E.C. experience may be due entirely to the types
of drill-hole collar obtained in the respective rocks. The use of a
spacer 15 not f{avoured, as it may reduce the effective length of
a grouted bolt, whereas plastering enables the hole to be completely

H

filed and the back of the bearing plate covered.

(f) Grouting of Rock Bolts :

Weak, spoagy and powdery grout has also been found on the
Snowy works. Excessive quantities of aluminium powder produce
foarming in the grout, especially where the water-cement ratio 15 also
high. The remedy adopted has been to find as precise a means as
possible for measuring the quantity of aluminium powder and to
exercise strict control over the water-cement ratio. Routine testing
of 3 1n. dia. cylinders 6 in. long shows that the grout being used in

the Snowy Mountains gives over 2,000 Ib./sq. in. ar 7 days and
4,000 Ib /sq. in. at 28 days. The grout used for all tests in Table V
of the Paper contained aluminium powder in quantities just

sufficient 10 prevent shrinkage.
Grouting 1&sts on balts in transparent cylinders has shown that

without aluminium powder in sufficient quantity to cause a slight
expansion, setilement shrinkage uncovers the anchor, The authors
agree that the drilling out of rock bolts is an essential check, and

Wﬂ,,,. -
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this has been done using 6 . da. coring drills. However. the -
anchor itself may not always be recovered because of dril] align;nem

difficulties.

(g) Bond io Bolts and Rock:

When boits are subject to pull-out tests on work sites, or test
sites, the jack bears on the rock cutside the grout and therefore the
test 1 believed 1o be a test of both bonds—bolt-to-grout and grour-
to-rock. The grout to rock bond will, of course, also depend on
roughness of the side walls of the drill hole. Tesis, the results of
which wil] be published larer, confirm that there 1s no doubt of the
adequacy ol the bond berween the grout and the rock.

(h) Protection from Corrosion:

Practice in the S.M.A. is 0 use pneumatically applied mortar
or a wash of thick cement grout to protect all steel, as is the case
in the HE.C,

(i) Practical Consideration in Rock Bolt Placing :

In the Authority’s practice “ forward bolting " is the method
normally used whenever it is necessary to support the rock before
work continues. Ground, whichat the time is standing satisfacrorily
without any support and might well continue to stand for some time
is bolted from the back of the jumbe ’

With‘ the drill jumbos used at present, the drifier units or three
stoper uuits on the top deck, and the drifter units or stopers on the
intermediate deck can install in 30 10 40 minutes all the bolis
reguired {or the two complere patterns (15 to 20 bolis) required for
a five- o six-feet advance. The men working on the bottom ¢ =
jumbo are protected by its upper decks and can proceed si
taneously with the driliing of the lifter holes.

Experience in the Snowy Mountains 1s thal the men’s morale
when working under rock bolts is often berter than under steel
sets, provided that they are accustomed to rock bolis.

{;) Steel Sets and Rock Bolts Combined and Lagging
Between Rock Bolts :

The use of light steel sets, themselves supported by rock bolts,
as part arch segments, described in the discussion has not oceurred
in the Snowy Mountains. Rock belts and steel sections, nor
necessarily taking the form of an arch segmenr, have, however, been
used as support in the way described.  Crown sets and wall plates
were used before the introductuion of rock bolts, bur are now rare.

The smooth periphery obtained 1n the H.E C. tunnels should
be ideal for rock bolt and mesh support. Rough peripherics are the
rule in hard rock such as that of the S.M.A. The use of wire
mesh and auxiliary suppert beiween bolts was probably not
sufficiently highlighted in the Paper. In the Murrumbidgee-
Eucumbene Tunnel, which goes through considerable lengths of
highly contorted schists, quartzites and phyllites, mesh and gunite
were used extensively, as is also the case on current works.

(k) Failure of Rock Bolting :

In general, there has been no failure, in the sense of an
promoted collapse, in any bolted tunnel or excavation on the Snowy
Mountains Area. One collapse which occurred during a blast,
before rock bolting had been studied in any detail and is described
in Ref. 4, might strictly have been called an overbreak of major
dimensions. In another case, before forward bolting was established
as a standard procedure, 2 slab of rock broke off before bolts could

be installed.

(1) Use of Mesh Pins:

Various types of pins have been used to hold mesh. One of
these consisted of 4 in. dia. rod bent into hairpin form and driven
over a wedge. A 6-in. length of 3-in. rod was then passed through
the eye of the “ hairpin". Anociher device was an 18- 1o 24-1n.
length of I-in. X l-in. X {-in. angle iron with slots cut in the
exposed portion. At present the most used devices are intermediate
anchors and surface anchors. The intermediate anchors are 18 10
24 in. long rock bolts, with expansion anchors. Surface anchors
are short wooden plugs to which the mesh is fixed with staples.



GKUU I ED ROCK BOLTS—Pender, Hoshing & Mattner.

Lk

(rn1) Costs ;

The Commission's costs are of particular interest to the
authors.  Work in the Snowy Mountzins is done under schedule
of rates contracts 2nd tendered prices are, of Course, not necessarily
the same as actual costs.  The increases quoted of 45 per cent with
steel sets in fully lined tunnels and 100 per cent in nominally un-
lined tunnels are the cost to the Principal s determined by the

acrual prices tendered.
In the Authonity’s centracts,
unlined tunnels are given as :—
(@) price per cu. yd. for the firsi 80 cu. yd. in any section f
(8) price per cu. yd for concrete in excess of the Frst BO cv, yd 1 any

section.

Ina 20 ft. 4 in. by 20 fu. 8 in. fully lined hors:shoe-shaped
tunnel, the pay concrete quantiies for rock balt supported and
hight steel supported sections are 2,83 and 3.93 cu. yd. per foot of
tunnel respecuvely—which gives the figure of 40 per cent quoted
in the Paper, An additional factor is that cement in concrate for
backfilling overbreak is also paid for by the Authorty.

In a nominally unlined tunnet the components of extra cost
where steel sets are used are .—Extra excavanion, the siee] sers
themselves, and the associated timber lagging, the 40 per cent
increase in concrete and the cement in the overbreak. Totalled,
these give the 100 per cent increase quoted in the Paper,

prices for concrete 1n neminally

Concluding Remarks :

The authors fully agree that the ideal in tunnelling is a smooth
ore with no shattering at the periphery, The Poatina twnnels are
aappy application of the method 10 hydro-electric tunnels of sub-

stantial length, made possible by the narure of the rock, but at the
present stage it is difficult 10 foresee the method being extended to

granite and other hard rocks.

To Mr. J. F. Chappell :
Grouted rock bolts have been drilled out by taking a 6-in.

diamond drill core. Conditions in the holes were as foreseen by

Mr. Chappell, the bolt coniacung the sides of the hole [rom point

o point.  However, in all bolts which had been HON .
methods described in the paper and in Ref. 16, the ggmutt\e,::sbf}oul,?g
1o have filled the hole completely, notwithstanding the Narrowness
of some of the spaces. In Brouting tests prior to the agq tion of
the present method, considerable trauble of the tvpe rEFerrfd to by
Mra ?happc]i] I:)w?s_ experienced, However, the drificy cumm];
used for rack bolting give straighter ho ¢ jack-

which were used earglifr. ¢ 6o than the jack hammers

Eroutare proper design and mixing of the BTOUC, CEMENt of the ripht
quality, and adequate cleanliness. They refer Mr Chappc]i o

_[c[:esn'ng. They agree with Mr. Woollard that one way to Jook ar
1t Is to consider thar the " Support ning ™ referred 10 1n the Paper
represents the action only in ground of low inherent Stress or
ground which has been de-stressed (Fig. 5 of the Paper). The
latter is, of course, the case in the zone surrounding an excavation
made by blasting and in this case one might regard the ** support
rng" as a piece of countryside reconstiruted by blasting ‘and
bolring.

In so far as the bolted zone has not been de-stressed, the stress
sttuatjon is much less clear, One 15 tempted to suggest that the
large unaccounted factor is the capacity of any rock, except the very
poorest, 1o contribute to its own support. This cepacity of the
rock is primarily competence in compression and to a lesser extent
in shear, The force provided by rock bolts on the other hand s
competence in tension. There seems 1p be litle doubrt that the
rock and the bolrs acting together do in fact provide a complicared
stress bearing system similar 1o geodesic vector siructures,

Simmons Limured, Glebe, Sydney.
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ojects in North America and France
lime of the design and conslruciion the early tunnels on the SnowyaScl“:;:nzlerc?:i{ht:c:lﬁr? OS-.:.r: l [hel
eslablished method of rock suppoerl in civil engineering either in Australia or els'ewhere Ongthe ssgg o
Scheme, some rock bolts were used in (he Guthega Project excavaled in the period 1§52-54 but [hwy
rst major use of rock bolls in the Authority's works was in Tumut 1 power siation excavated in 1956e
37 (Pender et al 1963). This represenied quite a major departure from the then Iraditional stee! et a- d
toncrele support. Here again, the SMHEA was al the forefronl of the application of this new "
technology in the design and consiruction of ils underground excavations,

Although il had been used on a few pr
of

In the early fo mid-1950s, il was

wedge or expansion shell)
suggested thal a rock mass consisting en

systemaltic bolling. The team of investigal
Assislant Commissioner, T A Lang, as th
with remarkable effect. Indeed, it has be
permanent suppori of underground excav
development made on the Snowy Scheme,

At this point il is inleresling lo note thal, at the time, ang for some years lajer (e
! ' g Hoek & Bro

rock bolts were referred to as providing "support”, Today, it is usual to dislinguish between suv;‘;gc:r?BO)'

and reinforcement on lhe basis of the method by which the rock adjacent to an excavation is

stabilised. Support is the application of a reactive force at lhe face of the €xcavalion, Reinforcement is

the improvement of the overall rock mass perorm .

as rock bolts, cable bolts and ground anchors (Windsor & Thompson 1993). At the lime of the

consiruction of the Snowy Scheme, support was most often described as being “lemporary” or

"permanent”. In their important Paper on the use of grouled rock bolls on the Snowy, Pender ef al
(1963) refer, more helpfutly and correctly, (o “construction” ang "permanent" Support, although the

term "temporary” was used in other Snowy publicalions.

In the mid-to Iate 1950s, a detailed series
investigale the aclion and effec! of rock b

praclical applicalion of rock bolling, initiall
described by Lang (1961) and by Alexander and Hosking (1971) fncluded.madeLte§ts of the arched

roof of the Tumul 1 machine hall us'ing gravel and r'egular!y shaped perspex blocks to simulate lhe

case, '
bolts with 1 inch (25.4mm)

inverled, lhe laterai pressu
only the gravel mass bul also a ceni

re developed on the sloping sides of the buckel was sufficient ¢
O support nol
ral load of 50 1b (0.22 kN)" (Alexander & Hosking 1971). Pperine



Figure 5: Action of pattern rock bolting to form a
self-supporting ring or arch

On (he basis of these expenmenis
and ihrough field experience, the
Snowy team developed an

(1) Eoch ofjdcent balt
el up 0 gouble ended
cong of campreision
Inthe rock

Dragrammatic
QOnly

{2) The pressuce cenes
overiop to torm a'ring” ef

rock.

comorassed ond strengihened

‘. Bauinineig Lepe
--_:‘_,_/‘"\ distORLon Cope
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(1) The contnued eaistente of ihr

underslanding of the way in which
systemalic rock bolling in a
jointed rock mass forms a self-
Supporling compression zone
within the rock mass. This effect
is illusiraled in Figure 5, In
addilion, a set of design rules was
developed lor pattern rock bolling
which related bolt length and
spacing lo block size {Lang
1961). These rules represented
lhe slale-of-the-art for many
years subsequently (Hoek &
Brown 1980). Lang (1961) also .
pUBlishad pioneering analyses of /’
[ Ihe ways in which single rock 7/
bolts may prevent siip on single - .
joints and single blocks of rock ! :
may be slabilised.

In the Tumut 1 machine hall,
generally 4.6m long ungrouled
mechanically anchored bolts on
1.4m cenlres were used in the
walls. In the roof, 3.7m long bolls
on 1.2m centres were used as
an e continued "'“'"’;: °" ihe "conslruction support" between
1:‘;4;'1‘:"’ the il length © the 1.2m square concrete ribs
- -~ (Pinkerlon el al 1963). The use of

‘ring* od tight feck 4 drpendent

from Pender el al 1963)

‘grouted rock balis for permanent
support was pioneered al Tumut 2
buill a few years later.

Generally, 4.3m long cemenl grouled bolts on 1.2m cenires were used. Some 2.4m and 3.7m long
grouled bolis were also used {Pinkerion & Gibson 1963). Following ils successful use on these large
underground excavations, patiern rock bolting, often with grouting, became an imporiant feature of the
several large tunnels constructed subsequently on the Snowy Scheme {(Andrews el al 1964, Pender et

al 1963).

MONITORING AND RETROSPECTIVE ANALYSIS

-
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Figure 6: Observed and predicted wall displacements,
Tumut 2 Power Station

The final elements of the generalised rock mechanics program
shown in Figure 3 are moniloring rock mass performance and
relrospeclive analysis. Pinkerlon el al (1961) indicate that the
following monitoring measurements were made in the Tumut 1

underground power station excavation:

(a} measurement of strain in the reinforced concrete arch ribs;

(b) measurements of rock and concrete movements were
made by means of precise survey methods, and by
clinometers which had a very sensitive level;

(c) measurements of variations in the tension of selected
rock bolts were made by means of calibrated rubber

compression pads;
(d} rock noise measurements were faken."

The way in which some of the moniloring resulls were used {o
guide retrospective analyses during construction and (o develop

an undersianding of the behaviour of the rock mass was outlined above. As was indicaled earlier, the



lessons learned in Tumul 1 influenced the investigation for, and design of, Tumut 2. The moniloring
carried oul al Tumut 2 and the resuits oblained are described in detail by Alexander e| al (1963) ang in
less detail by Pinkerton and Gibson (1964). Measurements were made of lemperature, strain and
stress in the concrete of the roof ribs, closure of rip Cracks and the joinl between the rib and rock arch
rock sirain in the arch, and displacement, dilation and angular defleciion of the rock walls, '

Figure 6 shows the means of the surface displacements measured on severa| survey lines on erther
wall of lhe machine hall excavation. Near mid-height on either wall 40t {(12.2m) below the abulments,
the mean defleclions were 0.5in (13mm) on the upslream wali and 0.7in (18mm) on the downsiream
wall. The predicted values shown in Figure 6 are consisten! with a moduius of elaslicily of he rock
mass of 15GPa (Alexander et al 1963).

cted and advanced the then state-of-the-art, A the tlime, single
and mulliple point borehole extensomelers as we now know them had not been fully developed
although significant advances were being made in (his area (eg Polts 1957). In Tumut 2, rod
exlensometers comprising 4ft (1 .22m) to 14 (4.27m} long rock bolts were used to measure the
normal wall dilation. | was concluded thal, in addition to elastic expansion of the rock arising from
stress relief, there was opening of joints in the rock between depths of 8f| (2.44m) and 12f (3.66m)
(Alexander et at 1963). Possible types of black movement! identified as being associated with joints are

shown in Figure 7.
This approach to monitoring rock mass performance and interpreting the results oblained was
advanced at the time and differs little from the approach likely to be used today although the required
nstruments are now available commercially and are more sophisticated than thoge developed by the

Snowy engineers.
Figure 7: Possible fajlure mechanisms in jointed rock

(after Stapledon 196 2

THE SNOWY'S ROCK MECHANICS LEGACY

y Mountains Hydro-electric Scheme advanced the then state-of-the-
arl in rock mechanics and rock engineering for large tunnels and underground eXcavations. High level
experiise was developed from the low levels pre-existing in Ausiralia in almost all areas of
ungerground excavation engineering in rock including site investigation and rock mass

characterisation, design analysis using the photo

The work carried oul on lhe Snow

of-the-arl internalionally.

The high standard of rock mechanics work carried out on the Snowy Scheme was emulated in lhe
hydroelectric developments underiaken in the latter pari of the Snowy construction period by the
Hydro-electric Commission of Tasmania (eg Endersbee & Hofio 1963, Maddox el g 1967). The

——



Ausiralian mining induslry soan took advanlage of lhe rapid developmeni of rock mechanics experlise
thal took place in the 1950s and 1960s. In the 1960s a number of Australian mining companies used
the expertise buill up on the Snowy scheme for advice on specific problems (May 1980). At lhe same
time, Mount Isa Mines eslablished whal was, for some time, one of the strongesi applied rock
mechanics groups working on a particular mining operalion anywhere in the world. These and olher
developments were aided greally by the fundamental and applied rock mechanics research, and the
training of students in the field, carried out by Professor J C Jaeger al the Auslralian National
University from the late 1950s, by Professor D H Trollope at the then University College of Townsville
fromn the mid-1960s, and soon afler by ihe CSIRO which L G Alexander and G Worotnicki joined from

the SMHEA.

The work carried out on lhe Snowy slands as a high point in the hislory of the development of rock
mechanics and of underground rock engineering. It provided Ihe impetus for the many Australian
contributions made to geomechanics generailly, to rock mechanics and o their application in the \
subsequen! two decades (Brown 1991). The Snowy provided nol only new knowledge and experience 'I'
bul lhe individuals who conlinued 1o develop lhe slate-of-lhe-art, and 1o inspire others 1o do likewise, in

a wide range of applicalions in the construction and mining industries.
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Rock Bolting Development Site, Lambie Gorge, Cooma
Snowy MountainsHydro-Electric Authority (SMHEA) PERSONNEL
CREDITED WITH SUBSTANTIALLY CONTRIBUTING TO THE

ENGINEERING OF THE ROCK BOLTING TECHNOLOGY

LEADERSHIP AUTHORISATION AND SUPPORT

Thomas Arthur Lang (born 1909), Staff No 16, started 21/11/1949 from being
Commissioner Irrigation and Water Supply Commission, Queensland to becoming
Associate Commissioner, SMHEA. He had the vision, the driving force and he inspired the
young and capable personnel to apply themselves to engineer the existing roof bolting
method, mainly in coal mines with sedimentary rocks, and existing hard rock bolting
practice also beginning to be utilised on some tunnelling projects overseas. It was because
he facilitated the specialised training of a number of promising young staff members with
the United States Bureau of Reclamation, USA, who were themselves well established in
the project work required by SMHEA, that he had encouragement from his trainee Lance
Endersbee to explore the usage of rock bolting. Lang's paper to the American Society of
Civil Engineers in New York in October 1957 established the unique advance made by his
staff since July 1956 to give a sound mathematical basis for the use of rock bolts in hard
rock tunnelling.

Edward Burnett Pender (born 1911), Staff No 1023, started 6/2/1950, gave enthusiastic
support the the rock bolting work as Senior Executive Engineer Civil Design and Scientific
Services. Some considered him a little eccentric but he left a dominating impression and
continued the lead support in 1959 after T A Lang had left. He was joint presenter with
others on the subject for several papers to international engineering societies.

Thomas David James Leech (born 1902), Staff No 1178, started 12/12/1950 from being
Professor, Dean of Engineering, Auckland University, NZ to be Engineer-in-Charge
Scientific Services Division, SMHEA, and so the setting up of five applied science
discipline engineering laboratories. He encouraged enquiry and innovation.

David Anderson (born 1921), Staff No 1180, started 19/12/1950 from United Kingdom to
be Supervising Engineer and Deputy Head of Scientific Services. He encouraged the
science research of rock mechanics and thus for the SMHEA to become the leader in the
world and the education and training of personnel. much sought after by others.

Ivor Lennox Pinkerton (born 1913), Staff No 8, started 24/10/1949 and was closely
involved with the civil design of most structures for the SMHEA water storage, water
diversion, and hydro-electric works. He became Engineer-in-Charge Civil Design in his
mid-thirties. He presented several papers on the design of the large underground caverns
and their successful construction to international engineering audiences.

Kenneth Edwin Andrews (born 1911), Staff No 1033 and supervised Major Contracts
Division where the rock bolting practice required strong support for the SMHEA
supervising engineers, geologists and inspectors watching the contracted works to ensure
what was ultimately hidden had been thoroughly done according to design. He was joint
author with others of several technical papers.
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Howard Ernest Dann (born 27/4/1914), Staff No 1128 and supervised Investigations
Division, and later rose to the position of Commissioner, SMHEA. He was joint author with
others of several technical papers to do with unlined tunnel construction methods.

Walter Peter Hartwig (born 1912), Staff No 2020, started 29/1/1951 and was senior
resident engineer (o supervise the construction contract for the Tooma Dam and Tooma-
Tumut tunnel Works 1958-60. The adoption of successful rock bolting techniques were
achieved as a new construction method using the latest developments in rock bolt
particulars. Some particulars were to be added to the earlier specified requirements for the
Tumut 2 Project.

Alexander Ross McIntyre (born 1923), Staff No 1001, started 3/1/1950 and was resident
engineer to supervise the construction contract for the Murrumbidgee-Eucembebne tunnel
Works 1958-60. The adoption of successful rock bolting techniques were achieved as a new
construction method using the latest developments in rock bolt particulars. Some particulars
were to be added to the earlier specified requirements for the Tumut 2 Project.

Robert John Paton (born 1924), Staff No 6257, started 31/10/1955 and was resident
engineer to supervise the construction contract for the Tumut 2 Power Station and tunnel
Works 1958-61. The adoption of successful rock bolting techniques were achieved as a new
construction method using the latest developments in rock bolt particulars. Some particulars
for rock bolting were gained from the experience of tunnel contracts Tooma-Tumut and

Murrumbidgee-Eucumbene.

Karl Erhardt Timmel (born 1910), Staff No 3080, started 27/6/1951, gave engineering
leadership to the Physical Sciences Branch of Scientific Services Division.

LEADERS IN THE APPLICATION OF ENGINEERING AND SCIENCE

Daniel George Moye..(born 1920), Staff No ?, started ?/12/1949 from being resident
geologist at Warragamba Dam for 31 months after University of Sydney, BSc (Geology).
He was head of Engineering Geology Branch of Scientific Services Division and it was to
him that the instruction from Lang to investigate for rock bolting usage was written in July
1956. Soon after his Branch proposed and were authorised for two series of experiments.
The result of these experiments lead to pioneering the theoretical part and firmly
established design criteria for understanding the action of rock bolting in a wide variety of
hard rock conditions. He took leave of absence to become visiting Professor of Engineering
at University of California, Berkley, USA, lecturing in geological engineering, September
1962 to July 1963, so spreading the lessons learnt in the new engineering discipline of
geomechanics.

David Lafeber (born 1911), Staff No 4105, started 13/3/1953, a graduate of University of
Amsterdam, with doctorate specialising in petrographic examination, and worked in
Engineering Geology Branch Scientific Services for five years. He presented his findings
from the first detailed experiments that set new concepts in understanding the use of
reinforcement of fractured rock using rock bolts. In February 1957 he created a powerful
illustration of the principles he had enumerated. With a set pattern of several model-size
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brass rock bolts (about 3mm dia) in a 3-gallon conical bucket full of crushed rock turned
upside down, he suspended an equal weight to the crushed rock (about 18kg) from one of
its central rock bolts. The bucket remained on display in this condition and was used to
generate interest in the use of rock bolting to a wide audience for many years.

Clive Charles Wood (born 1927), Staff No 2022, started 31/1/1951, BSc (Geology), BE
(Civil), University of Sydney, was involved from the first strength tests conducted in the
Lambie Gorge test site. also examining the deformation for the bolt anchorage recovered
after blasting. Investigations and tests were also carried out in the tunnels on rock bolting
strength working in Engineering Geology Branch Scientific Services for ten years,
becoming Executive Engineer, during which time he took leave to obtain a doctorate in soil
mechanics from Imperial College, London.

Aubrey Darnell Hosking (born 1919), Staff No 2039, started 26/2/1951, BE (Civil)
University of Western Australia, was head of Engineering Materials Branch of Scientific
Services and established a soil testing laboratory. He was given experience with United
States Bureau of Reclamation. Denver, USA, then took a year's leave for a diploma from
Imperial College London. He was strongly encouraged by T A Lang, and was instrumental
in conducting a very wide variety of rock bolting experiments in his soils laboratory and
was particularly gifted to negotiate with contractors in the application of the latest advances
from these experiments. Of particular note is Aubrey's development of more sensitive strain
gauges that lead to certainty of performance measurements in all major civil engineering
structures, including underground works. He is joint author with E B Pender and R H
Mattner of a technical paper on grouted rock bolting for permanent support.

Jurij (George) Worotnicki (born 1919), Staff No 3205, started 1/9/1952. with a BE
(Mechanical) from Polytechnique Institute, Ukraine, where the emphasis was in
mathematical science in geodesy, in which he lectured. He worked in Engineering Physics
of Scientific Services, specialising in the mathematical analysis of rock stresses around
tunnel type excavations verified by photoelastic models. He was strongly encouraged by T
A Lang in devising an analysis and in determining the sizing and spacing of rock bolts
based on rock properties.

Laurie George Alexander (born 1917), Staff No 4083, started 2/3/53 and as supervising
scientific officer was a world's first pioneer in the development of in situ field measurement
techniques of hard rock stresses, which enabled a matching design of the rock bolting
required to counteract the internal force requirements of the rock surrounding the
excavation.

Kenneth George Aubrey (born 1926), Staff No 1055, started 3/4/1950 and was partner in
the theoretical rock bolting research in partnership with L G Alexander and J Worotnicki.
Together they presented a technical paper on rock mechanics.

John Lang Rea (born 1924), Staff No 1020, started 1/2/1950 and was resident engineer to
supervise the construction contract for the Tumut | Power Station and tunnel Works 1954-
8. The introduction of rock bolting at the pre-contract stage lay the ground for a vital new
construction method at the insistence of SMHEA, who carried the risk.
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John Ingoldby Hilton (born 1931), Staff No 7229, started 8/8/1956 and as young engineer
experimented with modelling the behaviour of jointed rock with the presence of rock bolts
while working in Physical Sciences Branch, Scientific Services.

CIVIL ENGINEERING STRUCTURAL DESIGNERS

Lance Aubrey Endersbee (born 1925), Staff No 1034, started 22/2/1950 and was one of
twelve early in 1952 selected to be given 12 months experience with United States Bureau
of Reclamation (USBR), Denver, USA. It was the design for the first SMHEA trans-
mountain tunnel. Eucumbene-Tumut that he was assigned within the group also responsible
for underground structures. His supervisor accepted his enthusiastic proposal to show
optional rock bolts as a temporary roof support in the design drawings; it was an innovation
for USBR at the time, he having read an internal report on their use as a temporary support
in a small tunnel. Later in the Cooma design office, Lance was a partner in using the
SMHEA theoretical rock bolting research required for designing permanent rock bolt
reinforcement for major tunnelling contracts. He rose to the position of executive engineer
Civil Design.

Allen Dunlop McConnell (born 1923), Staff No 26, started 12/12/1949 and was a partner
in the theoretical rock bolting application required for major tunnelling contracts. He rose to
the position of executive engineer Civil Design.

John Richard Hunter (born 1921), Staff No 27, started 12/12/1949 and was a partner in
the theoretical rock bolting application required for major tunnelling contracts. He rose to
the position of executive engineer Civil Design Tunnels and Aqueducts.

Stoyan Rogleff (born 1927), Staff No ?, started 8/9/1952 and with Dams and Tunnels
Branch was engaged in the planning of rock bolting requirements for major tunnelling
contracts, then with the construction coordination with site resident engineers and the
regular inspections of the Works.

CONSTRUCTION SITE ENGINEERS AND GEOLOGISTS

Kenneth Raeburn Sharp (born 1927), Staff No 1026. started 10/2/1950 and was pioneer
on-site geologist for the first of the engineering works in Upper Tumut Region of the
SMHEA Works. The engineering for the tunnels and caverns for the first underground
power station fully specified by SMHEA, Tumut |, did successfully apply rock bolting in
its earliest form for the first time in such large structures taking account of the geological
information obtained. Exploratory core drilling followed by exploratory tunnel reading of
the geology fed information into the paper presented by TA Lang in New York, USA in
October 1957 that established the rock bolting practice precedence. At that time only those
rock bolts angled to dip below the horizontal were capable of being effectively grouted. The
application benefits of rock bolting were quickly recognised by the consortium contractor's
head-office in France.

David Svenson (born 1924), Staff No 3242, started 10/10/1952 as geologist and relieved
Ken Sharp at Tumut 1 Power Station project to wards the end of the construction period.
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David Hiley Stapledon (born 1930), Staff No 2194, started 13/11/1951 and was pioneer
on-site geologist for the second more extensive underground power station fully specified
by SMHEA., Tumut 2, part of the total hydro-electric development in Upper Tumut Region
of the SMHEA Works. The same expertise in geological information allowed a greater use
of fully grouted rock bolting to be applied throughout the excavations without any failures,
better speeds, economies and improved safety.

Peter Albert Ellwood (born 1925), Staff No 6088, started 22/4/1955 as an engineer
supervising Eucumbene Dam contract to later supervise the installation of rock bolts in
Tumut 2 Project work.

David Howe Probert (born 1934), Staff No 9148, started 21/4/1958 and was geologist for
Tooma-Tumut tunnel Works. The adoption of successful rock bolting techniques were
achieved as a new construction method using the latest developments in rock bolt
particulars. Some particulars were to be added to the earlier specified requirements for the
Tumut 2 Project.

Richard Hocking Mattner (born 1929). Staff No 9270. started 17/9/1958 and came with a
background as a mining engineer. He was resident engineer to supervise the construction
contract for the Murrumbidgee-Eucumbene tunnel works. The adoption of successful rock
bolting techniques were achieved as a new construction method using the latest
developments in rock bolt particulars for the more difficult, more jointed, geological
conditions encountered. He is joint author with E B Pender and A D Hosking of a technical
paper on grouted rock bolting for permanent support.

ROCK BOLT AND SYSTEM TESTERS

George David Chatfield King (born 1928), Staff No 7155, started 9/5/1956 and
responsible for providing the practical technical data for the installation of five categories
of rock bolts available for use in July 1957. He rose to the position of executive engineer
Major Contracts.

David Crouch Herbert (born 1920). Staff No 4014, started 8/1/1953 as engineer and
carried out extensive tests on rock bolts of various styles in the Engineering Construction
Materials laboratory of Scientific Services Division.

Rudolph Ernst Belin (born 1920), Staff No 7278. started 22/9/1956 as scientific officer
from New Zealand and carried out tests on rock bolts in Engineering Physics laboratory of
Scientific Services Division and followed their installation in the underground works of the
Upper Tumut projects.

Donald Charlton Kennard (born 1926). Staff No 1050, started 27/3/1950 as engineer to
analyse the desirable mix to get optimum performance for the grout to be used with the rock
bolts.

William Francis Navin (born 1919), Staff No 7351, started 26/11/1956 as engineer to
design the method and equipment of batching the grout for pressure injection to seal the
rock bolt in its surroundings, under the severe tunnelling environment close to the recently
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excavated face. He played a vital role in instructing the inspectors supersising the
contracted rock bolting work

Ian Donald Main (born 1925). Staff No 4142, started 20/4/1953 as Chemist in Physical
Sciences Laboratory of Scientific Services Division and carried out coating tests on rock
bolt external components.

John Nairne R Anderson (born 1935), Staff No 8127, started 11/12/1956 as engineer and
carried out rock bolt pull out tests for the Tooma-Tumut tunnel contract.

Robert Turner Brodie (born 1937). Staff No 10337, started 23/11/1959 as engineer and
carried out rock bolt pull out tests in Lambie Gorge.
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ENGINEERING HERITAGE OF NATIONAL SIGNIFICANCE
ROCK BOLTING & SPECIALITY OF ROCK MECHANICS
Rock Bolting Development Site,
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APPENDIX F — “ENGINEERING HISTORY IN COOMA ROCK?”
LECTURE
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SLIDE 1 -TITLE
It is only 50 years since the new concept in rock bolting was introduced to the world of tunnelling

in hard rock.

Rock Bolting had been in use for 50 years earlier', beginning in the coal mines, but it wasof a
different concept. The real development work for Rock Bolting was done in conjunction with the
building of the Snowy Mountains Scheme requiring massive underground caverns and long

tunnels, deep underground.

It was Professor Ted Brown of University of Queensland, who said, that the Snowy Mountains
Hydro-electric Authority’s development and use of Rock Bolting “was probably one of the most

significant engineering developments on the Snowy Scheme™?,

Throughout this talk I will use the abbreviation SMA for SMHEA.
The Scheme’s headquarters was established in Cooma, NSW, that lead to the Snowy Mountains.

It was here that the visionary engineering project, that captured the run-off from the mountains,
was designed and managed.

SLIDE 2- INTRODUCTION

My interest in this heritage site began in July 2003.

Rock mechanics is not my field of engineering expertise.
My engineering background with the SMA began in 1959.

The engineering heritage of how tunnels can be can be made safe by simple and economical
means can be easily appreciated, and it is an engaging story of how the rock bolting system

evolved.

The Rock Bolt itself was simply a rod of ductile stee] up to about 25mm diameter that could be
made to anchor itself at the bottom of a deep hole in hard rock, and be capable of being tightened
up with an external nut until it was fully stretched, but not to breaking point. ®Thus the bolt was
used to full strength capacity, and when used with others in a pattern according to the rock
structure encountered, could lock the movement of the exposed rock to almost eliminate any
tendency for tunnel collapse. But it had to be done within a few hours of the tunnel's creation for

best effect. (®, throughout lecture, means show sample)

SLIDE 3 - BACKGROUND PICTURE
Here is the picture of the principal Rock Bolt pull-out testing experimental site in Cooma,

See the natural rock outcrop; it is at the downstream end of a short gorge, with deep rock pools

See the shattered rock blasted away from the rock face;
this has come from the need to create a fresh rock face once all the testing positions were used up.

SLIDE 4 - SITE CLOSE-UP
1. See the rock face peppered with holes of the testing positions;

2. see the steel bolts poking out of the holes, Here they checked what gave way first - the
bottom-of-hole anchor, the nut thread, or the bolt shaft itself; they measured the pull-out
force required for each type of system offered by each tunnelling contractor before it was
approved for use. It was important to develop the full strength of all the materials used.

3. see the vertical split hole-line of the fractured rock face, so that a new working face could
be made after putting explosives down these holes and blasting off the surface layer that

had been fully used up.
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It is on the banks of a creek in the heart of Cooma, easily reached with a 10minute walk.
There are enough remnants of the tests carried out here to get a window into the huge leap
forward gained by the dedicated work of many of the engineering and scientific team. Step by
step they removed guess-work from the use of Rock Bolts.

SLIDE 5 - AERIAL PHOTO
Here is the aerial view of the location, overlaid with the property boundarijes.

The “important” arrow points to the rock bolt testing site in Lambie Gorge.
Note the red roofs of the testing laboratories, the one directly north being for Engineering

Materials.
The road frontage to the north of the laboratories is the Snowy Mountains Highway, heading

west and south into the Smowy Mountains.

SLIDE 6 - GORGE
Here is a view from the edge of the last rock pool of Lambie Gorge, looking downstream. In the

distance you can see the red roof of the nearest Laboratory, first established in 1952-3.

The rock containing the principal test remnants is on the-top-right. Thus you can see the
curtilage relationship of the Iaboratory to the principal outdoor test site.

The local branch of Engineers Australia, Monaro Group, in October 2006 submitted their
application for listing of this Rock Bolt testing site on the State Heritage register. In due course it
is hoped that a nomination can be completed for recognition as a engineering landmark.

SLIDE 7 ~ OUTLINE (with need for click points)
I'want to take you on a engaging journey through the story of the Rock Bolting and the

development of rock mechanics that occurred during the span of six years, 1956 to 1962, It was

totally stimulated by the demands of the work. Follow the outline of what I plan to tell you in this

talk,

» First, I explain the historical engineering scene for tunnelling and in the use of Rock Boits,

» Then I will tell of the principal research and development phases and people that allowed
the SMA tunnelling work in hard rock to revolutionise the existing practices.

* OId habits die hard, as the saying goes; the implementation of the changes for the
underground work presented their own challenges and intriguing stories.

* Then I give you a picture of the final form of the SMA’s Rock Bolt.

e There is a literal “gold mine” of engineering history on my subject and I am just retelling
the story; I share with you the rich sources I have used.

SLIDE 8 - HISTORICAL SETTING TITLE

First the Historical engineering scene for the SMA tunnelling work.

In 1956 the 26km of tunnels connecting the eastern flowing Eucumbene River to the western
flowing Tumut River was under construction, It led through the cavern for the first underground
power station. The French contractor in the cavern was required to use Rock Bolts to
temporarily pin disturbed rock onto sound rock, and supplemented them with props while
concrete arches were installed. Not all miners and their managers were convinced of the
reliability of Rock Bolting by itself, at this point of time, since it was relatively new a practice in
utility projects.

At the same time in Cooma, a number of SMA science laboratories were functioning, ready for
their expertise to be mobilised for needs arising in design and construction.

© W B Mills, Engineering Heritage Plaquing Nomination Copy 20fl15



ENGINEERING HISTORY IN COOMA ROCK - Heritage of (Hard-rock) Rock Bolting and Rock Mechanics ©

SLIDE 9 - CLICK POINTS OF HISTORICAL SETTING
It was in April 1956 that, before the concrete roof arches were installed, a huge block of rock (of

about 40 ton} fell from the cavern roof and it contained a number of Rock Bolts in it’,

e No one was injured but it initiated an immediate thorough analysis from senior
management.

» The use of Rock Bolts date back to 1912 and were used thereafter progressively more
commonly, and worldwide, in roof support in soft materials such as in mines. The use in
hard rock began in 1939 in Sweden’, and it was recognised then that there was the potential
to do more than just hang the surface exposed rock from more sound rock behind it.

» What were the criteria to be applied for design purposes remained for another opportunity,
and that came into the mind of the SMA leadership.

SLIDE 10 - TOM LANG #16
Tom Lang, CBE, was the civil engineering sub-leader to the overall head, Bill Hudson. He was

appointed at age 39 from being Commissioner of water and irrigation in Queensland. He was an
imposing personality and shared Bill Hudson's drive for excellence and thoroughness. It was
Tom Lang who drove the organisation to get to the bottom of the rock mechanics problem to
understand all the factors required to design the rock support using Rock Bolts®.

As the consequence of very concentrated research, he was able to deliver a ground-breaking
paper on the subject to the American Society of Civil Engineers in New York in October 1957°,
It was Tom who had originally put together an agreement between USA administration and the
Commonwealth of Australia for the US Bureau of Reclamation to train the SMA's aspiring
young engineers in preparing designs and specifications for tunnel and dam projects.

Notice his staff number. Those who joined in 1949, from its start 17 October, had these numbers,
less than 100. As we go through you will get a picture of a person's starting date by their staff
number. From 1950 onwards a 1000 was added to the number for each successive year,

SLIDE 11 - TED PENDER #1022
When Tom Lang left in 1958 it was Ted Pender who took up the supportive leadership role

needed to carry on the two years of work done to that date. His colleagues thought him to be
eccentric, but he was one with them and committed to feed helpful data into the team effort’. He
was the one who maintained the support from his executive position in continuing the research
activity for Rock Bolts. It was Ted Pender who received the IEAust medal for the outstanding
annual conference paper in 1963, together with two other colleagues. It was a paper on Rock
Bolting’. Notice Ted's badge; the SMA issue for years of service; bronze, silver or gold.

Ted would have been entitled to wear a gold one since he retired after 21 years of service, He had
staff Number, 1023, ie he joined in 1950, serial number 23 of staff engaged in the first year. I
joined in 1959, the 10th year since the start, so my number started with 10.

SLIDE 12 - PROF. TOM LEECH #1178
Professor Tom Leech came first from University of Sydney via being Dean of Engineering,

University of Auckland, NZ 1940-50, from where he was recruited to SMA. He had a
distinguished scientific leadership investigative role in WWII and for NZ, and continued this
commitment to applied research and training. He set up all the scientific laboratories. He saw the
need to train specialised inspectors of the contractor's work. These people were to be the
independent checkers on the job who would ensure that there were no compromises in quality.
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The fact that there were physicists, chemists, geologists, and material testers meant that there
was an ideal set-up available to respond to the challenge of understanding Rock Bolt design ang
the developing science of rock mechanics,

The personal style of his leadership meant that he was always engaging with every aspect of the
laboratory work. It was not uncommon for the heads of laboratories to use their lunch travel to

mini bus or in kis Humber Super Snipe car; these discussions would often extend into the
afternoon after the return journey. Prof Leech had an engineering supervisor as his deputy.
At the time when the Rock Bolting research was started it was Eric Warrell who was deputy,

SLIDE 13 - DAVID ANDERSON # 1180
But in 1957 the deputy was promoted and Ted Pender stepped in for a short time followed soon
ne at this stage and David saw to the task of

i quality assurance work under a national code
called NATA before Tom Lang was to deliver hjs Rock Bolting paper in New York®, All this wag
at a hectic pace, in parallel with the other demands on the laboratories associated with the Snowy
Mountains Scheme data collection in surveying, hydrology, road making, aqueduct and dam

construction.

SLIDE 14 - RESEARCH AND DEVELOPMENT TITLE
Topic 2 is the research and development phase,

SLIDE 15 - DOT POINTS OF R&D
It is here that I give you a picture of the mix of
engineering disciplines.
¢ There were about nine people who played a part in developing the Rock Bolt solution and
advanced rock mechanics to be an established applied engineering science in its own right,
¢ There were various stages in finding the optimum components for the Rock Bolt and in
extracting all the engineering structural properties of the rock met in tunnelling. The way
the rock behaved after tunnelling had to be understood in order to be sure that the design
would last.
¢ The very final stage was to move from using Rock Bolts just as a construction or
temporary system to making them capable of being a permanent component of the exposed
rock faces; able to remain submerged in water tunnels, or able to remain secure, safe and

long lasting for all structures underground,

People within a wide range of scientific and

SLIDE 16 - DAN MOYE # 46
The key person of great ability and talent, without any doubt was Danny Moye, honours

graduate in Geology from Sydney University in 1941 who had been taking the science specialty
and applying it to give expert advice for engineering design and construction purposes.

He conceived new ways to define the graduation of rock of the Snowy Mountains in its degrees of
weathering’ because of his thorough observational and investigative approach from the very
beginning of his employment. He began in Upper Tumut in Feb 1950.

Not only were the stages of weathering of the various rock types obtained, but the approximate
depths of weathering were established over large areas® by seismic refraction surveys.

He became a partner in the engineering design phase. His personnel skills were matched to his
leadership skills as he responded to Tom Lang's team assignment' to find solution to the multj-
faceted task to interpret the rock and bolt interface deep underground.
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From his position as head of Engineering Geology Laboratory he developed an immediate
strategy for an expert team of five disciplines to contribute to a Rock Bolt report' of their
possibilities and limitations. (This was followed up by a more detailed report in July 1957 with
the five authors being D G Moye, L A Endersbee, Dr D Lafeber, G D C King, J L Rae.)"
Dan's no-nonsense approach from his strong management position meant that, throughout the
tunnelling period when final assessments were being made, the on-site geologist never had do
battle with comprising or unappreciative engineers, managers or contractors.

SLIDE 17 - CLIVE WOOD # 2022
Clive Wood came with qualifications in both geology and engineering, Ranging between the

construction site and the laboratory , he began experimenting and examining the anchoring of
the Rock Bolts through the deformation pattern ® and by pull-out tests. Here he is in the severe
climate of the mountains. Clive played a crucial team role in developing on-site installation
practices and assisted the contractor's supervisory staff in applying the required means of
making the Rock Bolts a permanent item by cement mortar encapsulation within their hole.
Thus, he, of all those involved, had direct personal association from the start to the finish of the

Rock Bolt development that took place with SMA."

SLIDE 18 - KEN SHARP # 1026
Ken Sharp went straight from an honours degree in Geology at Sydney University to live in the

Upper Tumut region. Here was an enormous task of exploring by geological mapping on the
surface, then by diamond drill boring small diameter holes, but to retain a central core from the
hole. to record the geological meaning. Here he is seen doing that. ® Holes ranged down to
600metres (20001t) deep to intersect the underground construction locations. They were also
drilled at the end of exploratory tunnels. There was excellent collaboration between surveyors,
geologists and engineers'. Ken was the head geologist for the first underground cavern for T.1
Power Station, and became skilled in the new profession of engineering geology.

SLIDE 19- REPORT ON GEOLOGY
As a result, a Report of five volumes was produced under the watchful eye of Dan Moye - each

volume was 2cm thick. This Report gave a new approach by interpreting the data, so that it
assisted the engineering design and in informing tenderers for the construction. Copies of this
report were used for instruction in final year lectures at Sydney University and at other similar

institutions".

SLIDE 20 - GEORGE WOROTNICKI # 3205
George (Jurij) Worotnicki with a BE (Mechanical) from Polytechnique Institute, Ukraine, where

the emphasis was in mathematical science in geodesy in which he had lectured, became a very
important member of the SMA team in the Engineering Physical Sciences Laboratory. He there
specialised in the mathematical analysis of rock stresses around tunnel type excavations and
verified his findings by photoelastic models. He was strongly encouraged by T A Lang in devising
an analysis and in determining the sizing and spacing of rock bolts based on rock properties.
When the rock fall happened it was Tom Lang who sweated on him for an explanation; George
worked 34h straight to complete his analysis', George worked under the head of Physical
Sciences Laboratory, T Kevin Hogan (# 1590), former chair of ACT Div. of IEAust (1946), an
eminent engineer, mathematician, researcher and educationist.
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SLIDE 21 - PHOTOELASTIC PICTURE
These photoelastic models were the best solution at the time to a very complex analysis problem,

before the days of electronic computing. It was a specialty for George. Clear plastic material
when squeezed and viewed under polarised light makes these patterns. Today they entertain
children at "Questacon" Science and Technology Centre in Canberra with such a thing.

George demonstrated that, for a certain Rock Bolt Spacing compared to theijr length, it was
possible to produce a band with uniform compression away from each end effect of the bolts. I
the two diagrams, the one on the right was preferred. This meant that the bolt had to be at least
twice its spacing from the next bolt; the one on the left had a ratio of only one-and-a-half times's,
This minimum ratio of two turned out to be right in most real rock situations encountered,

SLIDE 22 - ROCK BOLTING THEORY PICTURE 1
Thus in a tunnel (magenta colour) you can expect the broad yellow band of uniform compression

when long bolts are required (for other reasons) in a arch pattern of bolting", but ....

SLIDE 23 - ROCK BOLTING THEORY PICTURE 2
when short bolts are sufficient, a narrower band is produced in the arch, but it requires more

bolts®.

SLIDE 24 - LANCE ENDERSBEE # 1034
Lance Endersbee was in the first batch of twelve young engineers sent to be trained with the Us

Bureau of Reclamation - for him it was the design of tunnels and underground structures® in
their Denver office. He tells the most intriguing story of how, while as a junior there, working on
the actual SMA tunnel design drawings, he had read a recent USBR article on the use of Rock

convinced that the new idea was acceptable. In retrospect, he could see that he had undergone an
unique training experience creating a confident and mature sense to the engineering team effort
being undertaken in Australia®,

Lance on return to the SMA design office in Cooma took a leading part in following the design
research requirement for Rock Bolts on alj jobs. Rock conditions encountered were such that jt
was possible to allow much of the tunnel length to be unlined, just relying on Rock Bolt
reinforcing for the exposed rock stabiljty.*

He soon after took this knowledge to the Hydro-Electric Commission of Tasmania, but on leaving
SMA he was presented with a chrome-plated Rock Bolt as a memento'’, In 1999 in a technical
paper referring to rock bolting he said, "the Snowy had led a major change in world tunnelling

practice in hard rock",

SLIDE 25 - AUB HOSKING #2039
Aubrey Hosking is regarded by most to be the man who shouldered the majority of the advances

in Rock Bolt design after the first phase of developing basic principles for them?, Nevertheless he
was a team man, and he was highly motivated as welj as being persuasive of others for their
cooperation. He led the expanded laboratory testing after the first six months of analysis, and
was instrumental in establishing good understanding with the many contractor's resident
engineers to ensure that best practice was understood and adhered to at the management level,
This further applied to the crucial team leadership role in developing on-site installation
practices in making the rock bolts a permanent item by cement mortar encapsulation within
their hole. There were so many separate funnelling contracts going on in the early 1960s.

© W B Mills, Engineering Heritage Plaquing Nomination Copy 6of 15



ENGINEERING HISTORY IN COOMA ROCK - Heritage of (Hard-rock) Rock Bolting and Rock Mechanics ©

SLIDE 26 - MATERIALS LAB TEST RIG
Here is Aub on top of 2 1.2metre cube test rig with an open bottom where he had within it, a

pattern of Rock Bolts in crushed rock of uniform size. This set-up was like an extreme case of
highly fractured rock after an explosive blast in mining the tunnel. It was shown that a pattern of
rock bolts in the crushed rock could hold the whole together, between the parallel sides of the
box, when the spacing of bolts was less than seven fimes the average diameter of the crushed

rock. This was another important criterion because rock normally has fracture lines within it,
Notice the hydraulic hacks built into the sides of the box. He was able to measure all manner of
behaviour under varying side-load conditions as well as weights suspended from the Rock Bolts®,
Aub was eminently supported in all the laboratory testing of all materials by David C Herbert.

SLIDE 27 - HERITAGE SITE CLOSE-UP
Going back to the heritage site, note the look of the bolts in this close-up. See firstly on the left the

bumps on the threaded bolt, these were an added feature to improve the bond when the ductile
medium tensile steel bolt is enveloped in concrete, They had already learnt how dangerous it was
to use high tensile steel that gave insufficient warning of breaking before being over stretched.
Note the hollow bolt to the right; by using a hollow bolt it could become the de-aeration route
through the bolt from the far end of the hole. The creation of this hole was an amazing craft from
the Titan steel making rolling mills in Newcastle and Wollongong - a malleable iron centre was
rolled within the mild steel billet as it was rolled down in size'’. When to size from the continuous
rolling of the rod, it was cut into transport lengths, then the malleable iron centre was pulled out
like chewing-gum while it was all still red hot leaving the lengths with a hollow centre. Aub, with
his high profile on steel quality and test requirements, had the ability to negotiate with Titan to
manufacture this special rolled product to be available to supply the SMA contractors when the
order size justified the manufacture.

The selection of this Cooma rock for testing was not just out of convenience, but as Dan Moye
said, it was deliberately chosen "because the rock appears quite similar in mineralogical
composition to the granite Type I at T.1 Power Station and the rock along T.2 tunnels and T.2
Power Station (except it was) quite different in regard to its jointing.""

SLIDE 28 - DAVID LAFEBER # 4105
Of all the ideas to have the most psychological influence on the rock bolt skeptics found

everywhere, it was those of David Lafeber, the petrology geologist who "takes the cake' working
under Dan Moye''. He devised a model in the first rush of analysis that brought a wry smile to

everyone who saw it.

SLIDE 29 - UP-TURNED BUCKET DEMONSTRATION
I refer to the upturned bucket model, filled with fine crushed rock and 40 model Rock Bolts

holding the lot in place. No mirrors, no secret wires, no glue; it was authentic and could even
support 40Ib (or 18kg) weight from the central bolt. This unit was kept on display in the
Engineering Geology Laboratory for its VIP visitors and the public tours going through the Labs

constantly. ® bucket, ® model bolts

SLIDE 30 - ORAL HISTORY COMMENT BY ERIC WARRELL

An amusing story goes with this bucket model, relating to the visit by the Duke of Edinburgh at
the time of the Melbourne Olympics in 1956. The Duke was being conducted by the Scientific
Services Lab's deputy head, Eric Warrell. Hear his own account of the incident from the Oral
History tape'®: Dan Moye offered to undo one bolt for the skeptical Duke - yes, and on doing so the
whole bucket contents fell to the ground, much to the Duke's immediate satisfaction.
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SLIDE 31 - LAURIE ALEXANDER # 4083
The physicist, Laurie Alexander, became a world leading researcher into rock pressure and the

measurement of it”. To know what was the forces operating around an underground excavatiop
was vital if the rock bolt was to be part of the restraining force to Stop the tunnel collapsing on
itself over time. He worked initially in the first underground station, Tumut 1, or T.1. ®

SLIDE 32 - FLAT JACK SET-UP: FRONT VIEW
Here s an illustration of the method he took and refined to produce accurate results’, He put

SLIDE 33 - FLAT JACK SET-UP: CUT-AWAY VIEW

A side, or cut-away, view of the same test set u
amazed all ; the horizontal pressure often exceeded the vertica)l gravity pressure in tunnel

2. ing excavated, this steeply sloping tunne] (34°) was used to draw
fresh air into the main area of activity, that exhausted via the main access and spoil haulage road,
It was, therefore, a steep, cold and draughty environment to set up his field laboratory. But in
spite of these and many other hardships, very accurate results were obtained.

SLIDE 35 - RUDI'S EXPERIMENTAL SET-UP
Here is a photo of his test rig in a tunnel 2.44m diameter (81t), with pressure plates in two

directions at right angles'. He had to Scrounge to construct his own cart and winch to travel up
and down the sloping tunnel, but had the time to Plant and harvest beautiful tomatoes that he
had planted and grown by the end of his experiments®®

river flat that gave access to his tunnel.

SLIDE 36 - SPECIAL ROCK BOLTS TO MEASURE TUNNEL SHRINKAGE
One final measuring tool was to watch how an

position at the far end. Thus it was possible to
over time, depending on how deep the Rock Bolts were applied with their own external fixtures,

ie the central wire remained free through the external fixture'’, ®
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SLIDE 37 - MAKING THE ROCK BOLTS PERMANENT (dot points)
The last hurdle was to make the Rock Bolt a permanent item in the reinforcement of exposed

rock in a tunael.

« Serious consideration was given to external painting’, and epoxy resin was tried. The idea to
use stainless steel in the bolts was rejected because such steel was less ductile and expensive;

¢ using the proprietary ""Perfo' Rock Bolt from Sweden® but neither of these satisfied the
SMA perfectionists. It happened that a verbal report came from one of the returning SMA
engineers with USBR where a laboratory batch plant had been refurbished;

¢ aluminium powder with cement would cause the mix to expand, so ensuring all the steel of
the Rock Bolt would become encapsulated. This was the perfect solution; four parts per
thousand for aluminium powder to neat cement, and 400 parts of water (by weight).

SLIDE 38 - EUREKA: GROUTING THE BOLTS Don #1056, Frank #7351 (dot points)

e Engineer Don Kennard tested various mixes in the laboratory and determined the right
formula. It was essential that the expansion to the grout was just sufficient to counteract the
shrinkgge as it cured, but not enough to make the grout flocculent and therefore weak and
porous™,

e The next need was to completely fill the hole for the Rock Bolt without releasing the bolt
tension. Engineer Frank Navin invented a batching plant fitted for injection the mix into the air
space surrounding the Rock Bolt in its hole to cover the number of Rock Bolts that may be
required in a tunnel advance. This was all done in readiness for the second underground power
station project, T.2, under construction early in 1959.

The greatest single difficulty reported in this last phase of the development was a collar to seal
the protruding bolt as it leaves its hole. Ultimately a cast rubber cone fulfilled the task ®,

In 1961, Prof Leech and Ted Pender presented a paper in Paris, France®, on this final phase to
make the Rock Bolt a permanent feature of tunnel support.

SLIDE 39 - IMPLEMENTION UNDERGROUND

Whilst the Upper Tumut tunnels drawings and specifications had been produced under
supervision and advice to SMA personnel from the USA Bureau of Reclamation, the Tumut 1
power station engineering was taken up by the SMA entirely’.

Incidentally, the USBR had been set-up in a similar way some 15 years earlier by President

Roosevelt.

SLIDE 40 - T.1 CAVERN
This is the T.1 cavern: about a cricket pitch wide, two cricket pitches high and about 5 cricket

pitches long. Note the concrete arches in the roof of the cavern. It was just as important to have
Rock Bolts in the walls because of the high horizontal pressures from the rock behind them. The
Resident Engineer, John R Rae was author of one-part of the five-part Report'' into Rock Bolting
organised by Dan Moye in July 1956 at the behest of Associate Commissioner, Tom Lang. The

power station was completed in 1959 and remains fully operational.

SLIDE 41 - T.1 CAVERN ROOF SUPPORT

Here we see the T.1 cavern roof. Note the big structure required for casting the concrete arches.
In the foreground you can see the black spots of the fixings for the Rock Bolts.

The French consortium Contractor doing T1 was very inclined to ignore instructions of his
contract. But once Tom Lang was satisfied that the improved understanding of Rock Bolting
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weuld prevent another rock collapse, they asked the Contractor to change from relying on
temporary props in spite of the 40 ton collapse they had experienced many months earlier.

Tt Contractor would not agree! So Tom Lang ordered that they be required of the Contract
an d that any risk consequences be covered by SMA‘, This was a bold step! Consequently, the

sut molementary transformer cavern with a span of almost the same Span as the main cavern, used
pa tern Rock Bolting with concrete ribs, Within a month the Contractor was convinced and their
nev method of support was published an article in their French technical news'.

SL IDE 42 - INITIAL FORM OF ROCK BOLT
Th<type of Rock Bolt used in the early days of T.1 is shown in this picture'”, A wedge put into a

slit at the end of the bolt spreads the sides on reaching the bottom of hole when the bolt
harnmered in. ® WEDGE

Abaout 10 of these were in the 40ton block of rock that fell from the roof. The head geologist for
the Upper Tumut site, Ken Sharp, just happened to be on leave for his marriage at the time. The
verYfirst thing that greeted his return to Cabramurra with his bride was the rock fall news!

Not enough engineering knowledge had been gained in the use of Rock Bolts in such a tricky
intersecting zone of two faults crossing this section of the exposed cavern roof. Further rock
movement did occur in spite of using these early style of Rock Bolts, but properly anchored.
What could be achieved with Rock Bolts, laid in a pattern, was to be learnt in the SMA

laboratory tests over the next few monthss.

SLIDE 43 - DAVE STAPLEDON #2194
Dave Stapledon was a pioneer on-site geologist for the second power station underground, T.2.

Dave wrote his Master of Science thesis in 1962 based on his work in T.2, of similar size to T.1.
Following the 40ton rock fall in T.1, both he and Ken Sharp went on an overseas tour together.
They were looking specifically at Rock Bolt expansion shell anchorages that may have been on

the market”,

See the sample.®
At this early stage they were thinking and looking at overcoming the problems that would be

faced to surround the bolt with a mortar within its hole.
The same expertise in geological information allowed a greater use of fully grouted Rock Bolts in
T.2”. There were no failures of the rock support; better speeds of tunnelling, better economics of
tunnelling, and improved safety of tunnelling were achieved.

Most of the Rock Bolts in the T.2 project were expansion shell fype and set into their holes as a
permanent system with cement mortar. 5,220 Rock Bolts were installed in the main cavern roof,
Between two major tunnels that together amounted to 31km, and the whole of the T.2 Project,
40,000 rock bolts had been grouted into Place within three years of the rock fall in T.1.

SLIDFE 44 - T.2 HEADRACE TUNNEL FACE AT CONSTRUCTION

This is my photo in Tumut 2 headrace funnel, taken in January in 1960. Note the miners drilling
at three levels, one above the other on the "'J umbo”. Each tunnel advance was about 4 metres.

It was a congested work environment, noisy, high humidity and visibility was limited. There was
great competition between the three mining shifts working through the 24 hour day, and also
between different tunnelling projects. Many tunnelling records in hard rock kept on being
broken. The bonus money for the miner-drillers was good!

Using pneumatic hammer drills, the holes for the explosives in the face and for the Rock Bolts to
be placed above and around, between 5 and 10 metres from the face, were assigned to individua]
miner-drillers. The SMA instruction was to place the permanent Rock Bolts within a time limit
of five hours of the blasting of the new face in order to arrest rock movement into the tunnel,
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SLIDE 45 - STOYAN ROGLEFF # 2294
Stoyan Rogleff was typical of the engineers on site at T.2 who had the prime task of supervising

the tunnelling contractor's work. Many things needed to be satisfied and disputes resolved. Prior
to the SMA work there was little published information on working in hard jointed rock and the
techniques for installation. Now there were far more detailed instructions in the Contract and for
the SMA inspectors than available for T.1*. The Contract payments were made on the basis of a
pricing schedule for each rock bolt and whether grouted in and this was a regular monthly chore
between the SMA and the Contractor's tunnelling boss.

Not only were there issues directly with contract personnel but with Department of Labour and
Industry inspectors who were, on occasions, manipulated by contract miners themselves for
circumventing the instructed work. The NSW Department of Works rule book did not envisage
enormous heights of ground above the tunnel, caverns of huge dimensions, nor hard rock -
having coastal urban tunnels and the acknowledged text, "Proctor and White", that envisaged
the use sub-dividing personnel barriers for working in large diameter shafts and of the use of
steel support structures - not Rock Bolts! Se Ted Pender took up the task and drafted a policy
document for DLI inspectors, designed to get them on the right track®-!

Many SMA personnel were intimately involved with the transition to implementing changed
tunnelling practices; ranging from the Resident Engineer for T.2 Project, Bob Paton, to major
contributor in the supervising engineer role in Peter A Ellwood, and the most notable of the
technician inspectors, James Murray, On the other major tunnels being mined at the same time
were (1) for Tooma-Tumut: Walter Hartwig, Resident Engineer, assisted by Engineer Doug Price
and geologist David H Probert; and (2) Murrumbidgee-Eucumbene: A Ross McIntyre, Resident
Engineer, assisted by Engineer Richard (Dick) H Mattner and geologist W R P Boucant.

Later tunnels connecting lake Eucumbene via Snowy River at Island Bend to the Geehi Reservior
in the Murray River catchment all utilised the final form of the SMA era Rock Bolt.

SLIDE 46 - T.2 HEADRACE ON REST DAY AT CONSTRUCTION
Only on a rest day was the atmosphere so clear inside a tunnel. I took this photo in January 1960

at the transition from the T.2 headrace tunnel into two descending tunnels to the power station,
some 225 metres below. See the white markings where the Rock Bolts have been installed. All of
these water passages were given a skin of concrete later in order to avoid any chance of any rock

wash-out that would damage the water turbines.

SLIDE 47 - EXPANDING ANCHOR ROCK BOLT STYLES

There was a very rapid transition in the latter stages of T.1 to move away from the wedge
anchored Rock Bolt to an expanding shell anchored type. Here you see just three of the typed
that were in use", just different at the inner anchor end. ® SEE SAMPLE ANCHORS.

The branch cavern for the seven large 330kV transformers of T.1 had the roof fully and
permanently supported by these types of Rock Bolts with no reliance on concrete arched beams;
such was the rapid transition of tunnel support practice.

What came later was the encapsulation of the Rock Bolt in cement and working out a collar to
seal around the bolt under the nut and how to ensure the cement went right to the embedded end,

up to five metres deep, especially when vertically overhead.

SLIDE 48 - FINAL FORM OF S.M.A. ROCK BOLT
Just a few more refinements came to finalise the form of the Rock Bolt that developed in the

SMA era. Let me show you, in review, the sequence for installing the Rock Bolt.

© W B Mills, Engineering Heritage Plaquing Nomination Copy 11 of 15
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SLIDE 49 - DIAGRAM (1) HOLE
First a hole is drilled in the exposed rock, about 42mm diameter and of an uncritical maximum

lenigth required for the Rock Bolt, whose chosen length was according to the rock condition,

SLIDE 50 - DIAGRAM (2) INSERT IN HOLE
The bolt with and expanding anchor is then inserted into the hole with a driving cap screwed

over the outer thread and given an initial turn to engage the anchor with the wall of the hole,

SLIDE 51 - DIAGRAM (3) SURFACE FIXING
Applying at collar to seal the bolt in the hole, and using 2 domed surface bearing face plate and a

hemnispherical washer? (to accommodate a non-perpendicular rock face to the bolt), the turning
nut would develop a taught bolt right to its elastic lmit by virtue of the set spanner torque
applied to the nut. Where hollow bolts were supplied it was ideal, so that cement grout could be
fed via a short tube through the face plate and collar until it was seen to expel down the centre of
the bolt. Thus, all the space around the full length of the bolt would become full of mortar. When
hollow bolts were not available, a separate cement injection tube was put in right to the anchor
end and a separate venting tube came out through the face plate,

SLIDE 52 - DIAGRAM (4) EMBEDDING ROCKBOLT IN GROUT

Under pressure, the cement mortar or grout was forced to the end of the Rock Boit. You knew
when the hole was full by observing mortar coming out of the air egress tube, It also meant that
the rough sides of the pneumatically bored hole and the fractures in the rock were all cemented
together as one with the Rock Bolt, Within a few days the cement was fully set, creating a firm

bond between Rock Bolt and the surrounding rock,

SLIDE 53 - EXPOSING THE HISTORY
1 share with you some of the rich sources of information I have used to put together this story

tonight, as well as my future hopes in "exposing the history".

SLIDE 54 - SNOWY HYDRO LIMITED'S INFORMATION & EDUCATION CENTRE

No neat way exists at the heritage site itself to tell the whole story. It needs places like this, the
Snowy Hydro Limited Information and Education Centre, just up the road, to display those
easily "lifted" Rock Bolting components and its written and photographic story.

SLIDE 55 - SNOWY HYDRO LIMITED'S INFO CENTRE FEATURED

Here there is an excellent education centre for the next generation to appreciate how the Snowy
Mountains Scheme was achieved for our Nation, and is still serving its original purpose of
supplying water to the inland streams of the Murray-Darling basin.

SLIDE 56 - NATIONAL LIBRARY
I told you earlier that I found a "gold mine" of information. It was the personal papers of D G

Moye that were deposited in the National Library of Australia, Manuscript Section, located on
the shores of Lake Burley Griffin, Canberra,

SLIDE 57 - WBM RESEARCHING AT NLA
These papers were put there by Dan's brother after both Dan and his wife were killed in acar

accident in mid 1970s,

© W B Mills, Engineering Heritage Plaquing Nomination Copy 12 of 15
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SLIDE 58 - NATIONAL ARCHIVES OF AUSTRALIA
National Archives of Australia holds the personal records of those who worked on the Snowy

Mountains Scheme. Here you see their beautiful repository in Canberra, in the parliamentary

triangle.

SLIDE 59 - AUSTRALIAN NATIONAL MUSEUM
Under the futuristic design of the Australian National Museum, again on the shores of Lake

Burley Griffin, , Acton Peninsular, Canberra, are held samples of the Rock Bolts as they
developed in the SMA era. These have only recently been collected (by the senior curator,
Matthew Higgins, who undertook most of the Snowy Mountains Scheme Oral History Project,
1999) as the direct result of Engineers Australia, Monaro Group, submitting their application for

State recognition of the Rock Bolt testing site.

SLIDE 60 - WHAT OF OUR ENGINEERING HERITAGE
What inspiration comes from our engineering heritage?

Heritage is of no value if it is disregarded and disrespected.
But heritage that is worthy is that which is creative for the good of society’s well being, using all

the wisdom and skills that God has imbued in mankind. It is a minute copy of Almighty God's
creative and beneficial works.
1. Heritage anchors our own lives personally through our forebears and in our culture.
2. Heritage inspires our striving against those destructive and futile ambitions that capture
us.
3. Heritage encourages us to use our gifts as service to mankind to emulate the goodness of
God in whose image we are. It ought to lead today's generation to emulate our forebear's
achievements for the needs and wellbeing of today's society.

SLIDE 61 - TUMUT POND DAM
Here at the magnificent concrete arch dam on the Tumut River, head-pond to the Upper Tumut

hydro station of T1, there is a memorial plaque to Daniel George Moye, placed in 1993.

SLIDE 62 - MEMORIJIAL TO DAN MOYE
It reads?, ...Daniel George Moye and his team of geologists who, in close collaboration with the

engineers, contributed effectively to the successful completion of the Snowy Mountains Hydro-
electric Scheme 1949-1974 and thereby established the profession of engineering geology in
Australia. Geological field investigations for the Scheme commenced at Tumut Pond in February
1950.

The idea to have this plaque came from Professor Eric Rudd, who had been a member of the
international advisory panel for the Scheme, as well as Professor of Economic Geology at
Adelaide University. Dan Moye's daughter, Barbara Wing, was in attendance at its unveiling.

SLIDE 63 - CAREERS MADE IN ROCK MECHANICS
Here is a list of those who made successful careers in rock mechanics from their association with

Snowy Mountains Scheme activity® :

D G Moye?; J CJaeger; L A Endersbee; C C Wood; D H Stapledon; E A Rudd;
D Labefer; G Worotnicki; L G Alexander.

Rock Bolting has continued to develop and be used in more economic ways than what was the

final outcome of their development for the Snowy Mountains Scheme. It is for others to say if

there has been a diminuation of their reliability or a loss of skill in the exercise of this discipline.
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SLIDE 64 - ENGINEERING HOUSE
I conclude with this view of Engineering House, National Circuit, Barton, ACT, on which I have

written the calling of the engineering fraternity. It is expressed this way in the Code of Ethics:
"Engineering is a creative process. It involves the development and application of engineering

science through the management of engineering works",

What I have described to you tonight is a great example of this endeavour for the benefit of
society and the wellbeing of mankind. A USA researcher, Dr Paul Anderson, said in 2006, “a
culture that would rather be entertained than be engaged in innovation will not continue to be an

economic power house.”

It was Lance Endersbee in 1969, as a member of staff of the friendly rival organisation the
Hydro-Electric Commission of Tasmania, who said, it was ""the people involved, as it were by
their efforts, that the Snowy story is so notable in the history of Australian engineering. ... It was
inevitable that some would seek challenges elsewhere ... in engineering throughout the world still

with the Snowy ... enthusiasm".

I'say, let it happen again somewhere, addressing other challenges, for today's generation!

Thank you.

SLIDE 65 - TITLE SLIDE
I invite people here who have a connection to the heritage I have spoken about tonight, and who

are interested in recording that historical connection, to list their name on the sheet on the table
before you displaying the Rock Bolt samples.

An area that is particularly missing in Oral History is that of the espectally trained inspectors.
From the Oral History by Ross McIntyre*, who accompanied Prof, Leech around the country
recruiting such, people were drawn from all avenues of life, taxi drivers, musicians, etc , to be
trained for the SMA tunnelling inspector's role for the integrity of the Contractor's work in Rock

Bolting.
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Engineering Heritage Committee &
Australian Geomechanics Society

Public Lecture

EKGIREERERG KISTORY IN COOMA ROCK

HERITAGE OF HARD-ROCK ROCK BOLTING AND ROCK MECHANICS

Speaker: Walter B Mills. BE (Elec.), MIEAust, CPEng, NPER

Monday, 4" June 2007
6.00pm

Engineers Australia Auditorium
Ground Floor, 8 Thomas Street, Chatswood

Fifty years ago Snowy Mountains Hydro-Electric Authority experimented and developed a better method of
tunneling for utility projects. It was a safer, less costly and a quicker method utilizing rock bolts. The
change of practice al the time presented challenges to convince the various stakeholders. Studies by
talented engineers and scientists revealed that rock bolts could arrest ultimate further weakening of
disturbed rock, so replacing alternative means of support. Rock bolts revolutionized hard-rock tunneling
and quickly became a world-wide practice. The development of the engineering science of rock mechanics

was greatlly advanced also. It has
been said that the development and
use of rock bolting “was probably
the most significant engineering

development on the  Snowy
Scheme. *

A few years ago the initial
experimental  site  in Cooma's

Lambie Gorge was re-discovered
along with remnants of rock bolts
and drill holes where testing was
carried out. It is a significant site in
the history of  engineering.
Consequently a nomination has
been prepared for its placement on
the State Heritage Register, and
another is in preparation for its
recognition as a National
Engineering Landmark.

Walter Mills has made his career in hydro-electric engineering, commencing work on the Snowy
Mountains Scheme that allows management of the Snowy Mountains water. He saw first-hand the
underground working for tunnels and caverns. He was part of the engineering design team; two huge
power stations completely underground, and overall 130km of large tunnels. Involvement was continued

with some of the same people with SMEC, consultants in water projects world-wide.

All are welcome. Admission Free. Refreshments from 5.30pm.
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IOE Monaro Country Group

ENGINEERS
AUSTRALIA

Sydney Division

As part of Engineering Week 2007, the Monaro Country Group is pleased to
invite members of Engineers Australia and guests to an Ordinary Meeting on

Thursday 23 August 2007
5.15 to 6.30pm
Snowy Hydro Information and Education Centre,
Cooma

Our guest speaker for the evening is Wally Mills, M/EAust, CPEng, whose
presentation will be on: .

"Engineering History in Cooma Rock”
The Heritage of Hard-Rock Rock Bolting and Rock Mechanics

It has been said that the development and use of rock bolting “was probably
the most significant engineering development on the Snowy Scheme. *

A few years ago the initial experimental site in Cooma's Lambie Gorge was
re-discovered along with remnants of rock bolts and drill holes where testing
was carried out. It is a significant site in the history of engineering.
Consequently a nomination has been prepared for its placement on the State
Heritage Register, and another is in preparation for its recognition as a

National Engineering Landmark.

Wally Mills has made his career in hydro-electric engineering, commencing
work on the Snowy Mountains Scheme.

Light refreshments will be served prior to the meeting.

Advance notice:
Annual Dinner — Wednesday 5 September 2007

6.30pm for 7.00pm
Venue -TBA
Presentation: “Snowy Scheme Museum”
Guests: Warren Newell (President) and Richard Phillips (Exec. Director)
EA Sydney Division

Local Chairman: David Byrne Postal Address;
Ph: 02 64501750 C/- Azeez Ahamat {Secretary/ Treasurer)
Fax: 02 645 01799 Snowy Hydro Ltd

PO Box 332, COOMA NSW 2630
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Engineering Heritage Australia (Canberra)

Public Lecture

ENGINEERING HISTORY IN COOMA ROCK
HERITAGE OF RARD-ROCK ROCK BOLTING AND ROCK MECKANICS

Speaker: Walter B Mills. BE (Elec.), MIEAust, CPEng, NPER
Wednesday 24 October 2007 — 5.30 for 6.00pm
Engineers Australia Auditorium
Ground Floor, Engineering House, 11 Nationa! Cir, Barton ACT

Fifty years ago Snowy Mountains Hydro-Electric Authority experimented and developed a better
method of tunnelling for utility projects. It was a safer, less costly and a quicker method utilizing rock
bolts. The change of practice at the time presented challenges to convince the various stakeholders.
Studies by talented engineers and scientists revealed that rock bolts could arrest ultimate further
weakening of disturbed rock, so replacing altemative means of support. Rock bolts revolutionized
hard-rock tunnelling and quickly became a world-wide practice. The development of the engineering
science of rock mechanics was greatly advanced also. It has been said that the development and
use of rock bolting “was probably the most significant engineering development on the Snowy

Scheme, “

A few years ago the initial experimental site in Cooma'’s Lambie Gorge was re-discovered along with
remnants of rock bolls and drill holes where testing was carried out. It is a significant site in the
history of engineering. Consequently a nomination has been prepared for its placement on the State
Heritage Register, and another is in preparation for its recognition as a National Engineering

Landmark.

Walter Mills has made his career in hydro-electric engineering, commencing work on the Snowy
Mountains Scheme that allows management of the Snowy Mountains water. He saw first-hand the
underground working for tunnels and caverns. He was part of the engineering design team; two
huge power stations completely underground, and overall 130km of large tunnels. Involvement was
continued with some of the same people with SMEC, consultants in water projects world-wide.

All are welcome. Admission Free. Refreshments from 5.30pm

For catering please RSVP to blowe@engineersaustralia.org.au or phone (02) 6273 1314,
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ENGINEERS
AL Public Lecture

ENGINEERING HISTORY IN COOMA ROCK
HERITAGE OF HARD-ROCK ROCK BOLTING AND ROCK MECHANICS

Speaker: Walter B Mills. BE (Elec.), MIEAust, CPEng, NPER

Tuesday, 30 October 2007
5.30 for 6.00pm

Royal Engineers Building
2 Davey Street, Hobart

been said that the development and
use of rock bolting “was probably
the most significant engineering
development on the  Snowy
Scheme. “

A few years ago the initial
experimental site in  Cooma's
Lambie Gorge was re-discovered
along with remnants of rock bolts
and drill holes where testing was
carried out. It is a significant site in
the history of  engineering.
Consequently a nomination has
been prepared for its placement on
the State Heritage Register, and
another is in preparation for its
recognition as a National
Engineering Landmark.

Walter Mills has made his career in hydro-slectric engineering, commencing work on the Sno
Mounlains Scheme that allows management of the Snowy Mountains water, He saw first-hand the
underground working for tunnels and cavemns. He was pari of the engineering design team; two huge
power stations completely underground, and overal| 130km of large tunnels. involvement was continued
with some of the same people with SMEC, consultants in water projects world-wide.

Refreshments from 5.30pm

RSVP to Catherine Reading 6234 2228 or creadlng@engineersaustralla.org.au
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PRESS RELEASE

r A )
2 Townsville Local Group
ENGINEERS Enaineerina Historv in Cooma Rock

AUSTRALIA

Queensland Division

A presentation will be given by Mr Wally Mills, Senior Engineer semi-retired, on
"Engineering History in Cooma Rock”. Using slides and samples, Mr Mills will present
the engaging story of about a dozen Cooma based people and the circumstances that
combined to allow the development of rock bolting into an engineering science. The
achievement aiso helped established rock mechanics as an engineering discipline in it

own right across the world.

The historical engineering topic has value in being told to illustrate just how the
profession of engineering serves the greater good of our Australian society. It also has
as well, reference fo the fascinating heritage site itself in Cooma's Lambie Gorge. This
site represents the huge advance in all engineering tunnelling design and practice that
came about within a three to four year time span by 1960.

The Townsville Local Group is inviting members of Engineers Australia to "Engineering
History in Cooma Rock” Tuesday 26 Augqust 2008 at 6pm at the Mercure Inn

Townsville. Refreshments provided.

For further information on the presentation "Engineering History in Cooma Rock”
please contact Alan White on 07 4750 7000 or Mobile 0488 748 465, also
please Rsvp to Bronwyn Wood 07 4781 6327 or bwood@engineersaustralia.org.au

Authorised by Alan White

Townsville Local Group Postal Address:
Chairman: Alan White PO Box 1056,
Ph: 07 4750 7000 TOWNSVILLE Qid 4810

Fax: 07 4750 7077
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Local history
Is rock solid

LOCAL engineer Wally Mills will bring to life 3 lit-
tle-publicised feather in Cooma’s historical cap this
week to mark National Engineering Week.

At two venues on Thursday, Mr Mills wili tell the
stary of a group of people who have a place in engj-
neering history after helping to develop rock bolting
into a world-recognised engineering discipline.

“It’s entertaining, because I'm talking about
people, not just about things,” said Mr Mills.

“Some of these people will be well-known to the
Cooma community,

“1 want to keep this history in front of people
because I think it’s something that can be inspiring
for today’s generation.”

Engineering History in Cooma Rock is at the
Cooma Library Annex on Thursday from 1pm and
at the Snowy Hydro Information and Education
Centre from 5:15pm.

The presentation includes slides and samples and
will last about an hour.”

For more information contact Wally Mills on
6452 7321 or 0403 132 825 or David Byme on
6450 1750.

Local revislt an engineering 1950s today

to Insplre today’s problem solvers,

World first revisited

JULY 1956: a large rock fall interrupts
excavation of Tumut 1 -underground
cavern.

It would take a talented group of local
scientists and engineers to remedy the
damage, but in doing so they would step
outside the square of 1950s engineering
theory and do something compleiely
different,

The solution was a world first, right at
our doorstep.

“Previously rock bolts had been used
to just pin the exposed rock back to more
solid rock behind, but what the Snowy
Mountains Scheme people developed
was the concept of creating a self-sup-
porting zone of rock around the excava-
tion by reinforcing it with rock bolts,”
said local engineer Wally Mills.

According to Mr Mills, the develop-
ment has gone on to be used in excava-

tion works around the world, saving
time, money and lives,

“It has saved enormous cost by not
over-excavaling, it has meant the work
has proceeded faster and it has also
meant a much safer working environ-
ment for the miners”

Mr Mills will bring the slory of the
feat to life at a lecture today to mark
National Engineering Week and inspire
the problem-solvers of today,

The lecture - Engineering History in
Cooma Rock - was well-recejved by a
Sydney audience in June and prompted
organisers of an event in Hobart to invite
Mr Mills to speak in October.

Cooma residents will have the chance
to hear the tale at the Cooma Library
Annex from Ipm or at the Snowy Hydro
Information and Education Centre from
5:15pm.
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APPENDIX G — PERSONAL CORRESPONDENCE WITH B. BLEHM

Personal correspondence dated 4 & 5 May 2008 and photographs from Mr Berle
Blehm, USA, (2008), required, as the contractor's supervisor, to correctly install and
grout the SMA- approved rock bolts, according to SMA's detailed and specified
requirements, in the major tunnels and caverns of Tumut underground power station,
1959-61.

Rock Bolling Historic Engineering Plaquing Nemination Page 24



ROCK BOLTING INSTALLATION BY CONTRACTOR AT
TUMUT 2 POWER STATION: PERSONAL CORRESPONDENCE

From: Berle Blehm

Sent: Sunday, 4 May 2008 1:20 AM
To: Wally Mills

Cc: Berle Blehm

Subject: Rock Bolts

Hello Wally, ............. | hope all is well with you and family there in Cooma. It is times
like these that | wish that Australia was not so far away as both Kay and | are ready

for another trip to your young country.

| have found the pictures of T-2, and gone thru them and | believe | have more but
don't know where they are but will find them. The pictures that | have were all taken
by Bob Miller, who was the Chief Engineer for Kaiser Perini Morrison and Raymond
who were the Contractors for the T-2 Project that consisted of the T=2 Ponds Dam,
Headrace Tunne! finish size 19Foot Concrete Lined, Tumut -2 Underground Power
Station and the 19 Foot Tail Water Tunnel that came out at the Township of Sue
City, which is currently under water. Miller took Project Progress Pictures of the
project as they progressed thru the Excavation and Concrete Phases at all locations.
These photos were shared by Miller with Snowy Mountain Authority as time
progressed. | was told by Miller in 1999 that these photos you are to receive are
ones that were not given to SMA, and are in random photos he had made for his
own use. Miller said that he was going to “Throw These Photos Away”" as they were
of no value to him any more. | quickly told Bob, "Give them to me, as | would greatly
appreciate them!". Sometime in 2000 Bob found them and sent them to me. So !
think I can honestly say that you and | have Bob Miller to thank for the photos.

| have gone thru and scrutinized the photos, of which are atleast maybe 100, and
removed all that have Rock Bolts in the photos, but in some one has to look very
carefully to see the Rock Bolt Plates, the White Plastic Tubes used for Grouting and
the Rock Bolts themselves protruding from the Machine Hall Walls, Tunnel Arches
and Etc. The Rock Bolts were set as close as possible to a 4Foot Square Pattern in
the Machine Hall Walis, and in the Arch's of the Machine Hall and the

Transformer Walls, as well as in the Arch or Roof of the Surge Tank. Going back into
memory, and the notations that | had made in my fathers Construction Binder that
had some of these pictures, | noted that the Rock Bolts were 3/4 Inch and 1 Inch
Bolts. The Rock Bolts in the Machine Hall, Transformer Hall, Surge Tank, and in the
"Bottom End", which consisted of Rock Bolts in a Pattem (as close to a pattern as
possible) on 4 foot centers around the bottor of the Surge Shafts at the Surge Shaft
Valve Level. This is what we called the Bottom End is where [ did all of my work
from Excavation to Finish Concrete of the Draft Tubes, Branch Tunnels, 30 Foot Tail
Race Tunnel, Transition from 30 Foot to 19 Foot Tailrace Tunnel, Excavation and
Concreting of the two Surge Shafts. | was the one who did the work once JD Kimsey,
who was the Power House Superintendent decided what he wanted done and in
what sequence. (! thank the lord that | did have the experience to do what | had to do
as | was a very young man then, 26 or so of age, but | started in Tunnels with and for

my father at the tender age of 16 in 1948).

Correspondence from Mr B. Blehm, 4 May 2008



ROCK BOLTING INSTALLATION BY CONTRACTOR AT
TUMUT 2 POWER STATION: PERSONAL CORRESPONDENCE

I'will try to identify all of these photos and where the Rock Bolts are located. In the
pictures Small Square Images in the Tunnel Arch's (Roofs to most peopie), Tunnel
Ribs, (Walls to some people) one has to look very carefully but one can see the
White Tubes used for Grouting Purposes protruding from the Rock Bolts, mainly in
the Arch Sections, but around the Rib at the Surge Tank Valve Section, at the
Intersection point of the Draft Tubes, the Two Surge Shafts and Branch Tunnels in
the "Bottom End" of the Power House where | worked. The White Tubes can be
seen in the Arch Section of the Transformer Hall and in the Machine Hall Arch.Rock
Bolts can be seen in the Headwall of the Machine Hall above the Assembly Bay and
Workshop at the end of the Machine Hall.

The Installation of Rock Bolts in the 34 Foot Excavated Tail Race Tunnel were
mainly at random and placed to hold the various large sections of rock that had
indications that it might slip and fall at a later time, and also pin the rock in place as
tightly to the surrounding rock as possible, and to try to seal the seam of the rock to
hold back the AIR SLACK that would take place in the seams at the outer edges of
the rock. Many times large rocks that we had Pinned, would last maybe three or
four Shootings of the Tunnel Face (as the tunnel progressed) and we would start the
Tunnel Mucking Phase, and find the this same rock we had previously Pinned, had
broken loose and was hanging by to the Rock Bolt that we had installed to pin it
back. We then would cut the Rock Bolt with an OXY Torch, and proceed with the

work.

Rock Bolts were also used to Pin Back to the Rock Tunne! Arch Supports, such as in
the Machine Hall Arch at the Control Room Location. At times Rock Botts were also
used to Hang and Install Wire Mesh like material (Cyclone Fencing Material) for
protection of small rocks falling from high in the Arch Sections of the Machine Hall
and the Transformed Hall. One must not think that the Rock Bolts will be the final
answer for the Tunnel Supports Underground, as they are not. They have their place
where they can be used, but Tunnel Steel Arch Supports are needed in ground
consisting of Conglomerate Materials, where the Anchoring of the Rock Bolt is not
able to be attained. Luckily, the Under Ground Power Station did not have this type
of Rock Material of which the Contractor was very fortunate.l can see where Rock
Bolts can be used, but as quickly as possible a Form of Shot Crete can be used to
Seal The Air from the Rock. This Shot Crete Coats the Rock and very little Air Slack
can take place.( In the Wine Country here in the States in California, huge Caverns
are being excavated and Shot Crete is being applied for mainly sealing off air. These
Caverns maintain an air temperature that does not fluxuate more than 10 degrees

the year around}

George "Okie” Biehm was a person from what we call The Old School", and was a
Hard Rock Miner in 1935, when they used the oid "Column and Bar" method of
drilling. One would set a 4 inch Pipe from the Arch to the Invert (Floor to some
peopie), and then set a 4 inch piece of Pipe horizontal with a 'Collar Attachment"
secured to the Vertical Pipe. On this they would Man Handle a "Drifter”, more
commonly known as a Air Drilling Machine. 1 Inch Bolts with 1 1/2 Nuts would
secure all of these items together and then hooked to Air and Water. Instead of the
long Shells they had later used for the Drifters to moved back and forth on when

drilling, the

Correspondence from Mr B. Blehm, 4 May 2008



ROCK BOLTING INSTALLATION BY CONTRACTOR AT
TUMUT 2 POWER STATION: PERSONAL CORRESPONDENCE

Miners started with a 2 foot Drill Steel, drilling the Tunnel Face, and changing Steel
every tow feet in length graduated up to maybe ten feet, sometimes 12 feet
depending on the size of the Tunne! or Drift that they were working in. Large Tunnel
they perfected what is known as a "Drill Jumbo", with as high as 12 to 16 Drifters.
This included the Arch Machines, Wing Machines and the Lifter Machines, Wing
Machines were on the Center Deck, who drilled the Cut, Reliever Holes as well as
the Ribs Holes. The "Lifter Machines" drilied the Invert, or Floor Holes as well as the
Bottom Rib Holes. | was fortunate that | started on the Out Side Lifter Machine as a
"Chuck Tender" which the Aussies call "An Off Sider" in Tunnel Slang. This is where
| got my Drill, Shoot and Muck Experience. It didn't take me very long to realize that
Mining was something that | would not rather do, so | ventured into Concreting of
Tunnels as early as 19 years old. | have done mostly Concrete Work in Tunnels
from, 1951 until 1972 when | did my last job in West Australia Concreting the

Tunnels on the Ord River Dam.

| will never forget the junction of Surge Tank, Draft Tube NO 5 and NO 6 and the
Branch Tunnel, as here is where | lost a man in 1959. Emesto Vecchiatto Age 26,
from maybe 1/2 inch of Jelly in the bottom of a Line Hole being struck with a Hot Bull
Point of a Jack Pick. He was one of two fatalities of the Power House. Gary Adams
was the other.That Picture of the NO 5 Draft Tube shows the Steel Support in place
and later we placed Wall Plate with Steel Supports in this Area to help support the
ground as the Shaft was to be "Caved In" from top down and the bearing of weight
was to be carried by the Draft Tube Rock and Supports, as well as the

Rock Bolts. This is where | lost a man and | have never forgotten that incident.

This is enough for now, and | will take some of these photos to the Drug Store
(Chemist) and have copies made. | will get them to you as soon as | can.
| hope | have been a help to you and your project and 1 will send more information

later.

| will close, and you should receive this on Sunday Moming of the 4th of May. | will
be 76 on the 6th.

OK, Cheers to you for now,

Berle Blehm

Correspondence from Mr B. Blehm, 4 May 2008



ROCK BOLTING INSTALLATION BY CONTRACTOR AT
TUMUT 2 POWER STATION: PERSONAL CORRESPONDENCE

From: Berle Blehm

Sent: Monday, 5 May 2008 2:20 PM
To: Wally Miils

Subject: Pictures

Wally,............ Hope all is well. | will put in the mail tomorrow the pictures of the
Power Station. | have made notations on the back side of the photos and | have tried
to show you where all of the Rock Bolts are in each picture. Some | have circled,
others | have made notations on the back. | hope that thee are of a help to you, and i
had these made for you and they are bigger than the ones that | have, and better
pictures. | think | have a few more somewhere, and I will look for them and if I do find

more | will send them on to you.

It will be impossible to talk with OKIE Blehm, as he passed away Dec 30, 1994 at 85.
| am the only one left that was with the Underground Mob that was there, and if | had
been as old as the other BLOKES from the States, | too would be gone. | was
fortunate to have been able to work with the OLD Timers who were in the Tunnel
Business. What most of the companies are using now are Mining Machines that will
cut a full circle, set Segment Sets to push against and also be the Ground Carrying
Section of the Tunnel to keep the ground from falling into the tunnel. | have been
fortunate to have Operated three of these machines, and they are quite interesting
to say the least. They have just about taken the place of the Drill Jumbo in most
cases. Currently Theis Brothers and some other companies have a Mining Machine
working in Brisbane and this tunnel is for a High Way Tunnel to relieve the traffic in
Brisbane down town. They were to Launch this Machine (Start Excavating) the 15th
or so of December last year. This machine is 35 feet in Diameter | believe. It is a big

one as a picture of it was in the paper.

When we had to Grout a Section of Rock Bolts, we would attach a Plastic Tube with
Wire to the Anchor of the Rock Bolt. Insert the Rock Bolt to the fuil length of the
drilled hole, set the Anchor so that the Bolt would stay in the Hole. The Plastic Tube
HAD to attached to the Anchor, not the Boit. We would remove the Nut holding the
Bearing Piate, remove the Bearing Plate, and place a HAND FULL of Mortar on the
Bearing Plate , put the Bearing Plate onto the Rock Bolt, and shove the Bearing
Plate up tight to the Rock Face, place the Nut on and tighten the Bolt to the proper
Torque. We wouid take Mortar and smear it all over the Bearing Plate and Rock to
help seal the area between the Rock and the Bearing Plate. We used what Kimsey
called Long Nuts, and the Long Nuts were actually double Nuts with double the
Thread Area as it always happened the Threads would strip out of the Nut when it
was Torqued to the required PSI. So instead of using the Normal Nut, we used a
Double Length Nut for the additional threads. By doing this, we had atleast 95
percent satisfaction of a properly torqued Rock Bolt. We would Water Test these
Bolts that were to be grouted at a later date to see if they would hold water. Some

held water, some didn't.

When we prepared to Grout Rock Bolts, we would first Water Test the Holes and the
Plates to make sure they were sealed and they would hold Grout and the Aluminum
Expander. This was water and cement and we mixed it as stiff as we couid, but stili
fluid enough to HAND Pump it thru the Pump and the Grout Tubes. The reason we
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ROCK BOLTING INSTALLATION BY CONTRACTOR AT
TUMUT 2 POWER STATION: PERSONAL CORRESPONDENCE

used the Hand Pump was that we could feel the build up of pressure within the Rock
Bolt Area, and the grout had a good return on the Retum Tube, we would crimp off
the Return Tube and Hand Pump until we had a substantial pressure and could
pump no more Grout, we Crimped the Injection Plastic Tube and went to the next
Rock Bolt. During the Grouting Operations we would watch for Grout Appearing and
leaking from a Rock Seam. Some times we had this happen, and most generally we
did not have a Leaky Seam, but we had to watch for this to happen and then had to
try to stop the Leak with Mortar or Rags stuffed into the crack. If we could not stop
the Leak, we had to pull off of the Rock Boit, wash the Retum Tube and go to the
next Rock Bolt. We then would come back at a later time and try to Grout this Bolt as
the Motor, Rags and the Pure Cement would set up and a lot of times Seal off.
When we retumed to this Non Grouted Bolt, we would hook on to the Retum Tube
which the end of the Tube in the hole went to the Anchor of the Bolt. The rest of the
Bolt Hole was Grouted, but not the 'Fisher” or seam of which was leaking on the
initiat try to complete a Grouted Rock Bolt. The Grout would be pumped to the
Anchor of the Bolt,thru the Original Retum Tube, as the Initial Injection Tube was
Grouted Off and the only way we could get grout to the Anchor and the Fisher Seam
was thru the Anchor Area. We were quite successful Grouting Bolts in this manner. |
firmly believe that when we grouted off a Seam that had leaked, we were sealing off
a seam that would later have created Air Slack between the Rocks, and could
become a Rock falling from the Arch or Rib, and being heid only by the Rock Boit
itself. By getting Grout into the seam, you stopped the Air Slack at some degree, if

not completely.

Rock Bolting when drilling UP at an angle, the Rock sometimes broke away and slid
down the Drill Steel to the Air Drifter Machine. Sometimes it would break into large
pieces, and this of course could be very dangerous. At all times all the Miners

were watching the Drilling as most anything could happen.

i will close this for now and go to bed. | have so many projects going that | don't
know which one is going to get done next. I finish one, and get two more. But one
thing | know | will be 76 on the 6th. it is starting to tell on me too.

Take carte, and | hope this has help you in your project.

Berle.
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APPENDIX H - SIGNS

1 Two existing signs to explain the Site; one of text and the other of a drawing
of the final form of the SMA rock boilt.
2 Information Plague for the consideration of the Plaguing Sub-Committee.
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PROPOSAL

ENGINEERING AUSTRALIA INFORMATION PLAQUE
ROCK BOLTING DEVELOPMENT SITE

When tunnels and caverns in the earth’s crust are designed by engineers, rock
bolting is required universally to now make the exposed rock self-supporting and to
prevent rock pressure behind collapsing the hole. The benefit can be made to last

even in water carrying tunnels.

The rock bolting design requirements and rock mechanics theory development by a
select team from the Snowy Mountains Hydro-Electric Authority utilised this Site for
rock bolting experiments between 1956 and 19-62. The Site represents a window
into the advances in technology used for tunnelling.

Rock at this Site is like that encountered for the 134km of tunnels and underground
hydro-power stations of the Snowy Mountains scheme, mostly hidden from view.
Rock bolting made tunnelling much safer, faster and less costly than earlier
tunnelling methods. The practice immediately spread worldwide and continues with

little change today.

The Institution of Engineers Australia
Monaro Group, Cooma, 2009
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